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PREFACE

The first edition of the Hydraulic and Excavation Tables was
issued by the Bureau of Reclamation in 1905. It was compiled
under the direction of A. P. Davis, and the following engineers
were given credit for computing tables in the first edition: Roy
H. Bolster, Clarence T. Johnston, C. C. Babb, F. E. Weymouth,
E. C. Murphy, Robert Follansbee, and J. C. Hoyt.

The number of printings of this handbook, aggregating over
33.000 copies, is as follows :

Year Edition bered bered

First. .ol 76 13
QGeological Survey. B 81 18
econd.. . 117 39
Third. . 147 43
Fourth 168 49
Fifth_ 168 19
Sixth. 168 49
Seventh 168 49
Eighth. 173 49
Ninth_. 173 49
-| Tenth.. 173 49
Eleventh_ ___________ .. .. 350 71

I Reprints of 5th Edition in 1923, 1926, and 1930,

? Reprint of 10th Edition in 1952.

* Reprints of 11th Edition in 1961, 1963, 1967, 1970, 1974,
and 1986.

While compiled in the first instance with a view to the require-
ments of the engineers of the Bureau of Reclamation, the book
has had a considerable circulation among other engineers engaged
in similar lines of work. Many of the tables have been computed
especially for this publication and are available nowhere else in
print. In order to make the series complete a few tables taken
from other sources have been included, most of which have been
extended or modified to conform to the conditions encountered
on Reclamation projects.

The present edition constitutes a major revision as compared
with the previous editions. Many new useful tables have been
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4 HYDRAULIC AND EXCAVATION TABLES

added and, in conformance with present Bureau practice, the
tables for flow in open channels are now based on Manning’s
formula rather than the Chezy-Kutter formula. The following
tables have been taken, with permission, from Hydraulic Tables,
Second Edition, of the War Department, Corps of Engineers:
15, 20, 58, 61, 62, 63, and 64. Part of the information for the
following tables was also taken from the above Hydraulic Tables:
1 through 14, 27, 28, 29, 31, 33, 34, and 35. Most of the infor-
mation in tables 18, 19, and 21 was taken, with permission, from
Hydraulics of Steady Flow in Open Channels, by 8. M. Wood-
ward and C. J. Posey, copyright 1941, John Wiley & Sons, Inc.

The introductory notes giving typical values of n, in so far as
they are applicable to flumes, conform with those given by
Fred C. Scobey in Technical Bulletin No. 393, United States
Department of Agriculture.

All reported errors have been checked and corrections made,
and the thanks of the Bureau are extended to all those who by
reporting errors or by making suggestions for improvement have
cooperated in this revision. A continuance of this interest is
earnestly solicited; all errors reported or suggestions made in the
line of constructive criticism are welcomed, since it is only by the
continued cooperation of users and publishers that the goal of an
entirely reliable and adequate handbook can be attained.
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ExPLANATION OF TARLES

Tables 1 to 14.—Tables 1 to 14 give the value of the mean
velocity of water in open channels computed from Manning’s
formula:

e 1.4867% %
n

The value of n, the coefficient of roughness, to be used in
finding v, depends on the roughness of the materials forming the
bed and kanks of the channel, irregularities and imperfections
in the bed or banks, the load of silt or detritus, aquatic plants,
curves, eddies, velocity of water, and various other considera-
tions. Many experiments have been made which have deter-
mined the value of n for existing installations. The assigning
of a value of n for a proposed conduit is, however, subject to
considerable uncertainty, small differences in conditions of
apparent minor importance often eausing a surprising change in
the measured values of n. On this account, where it is important
that a channel carry a certain definite quantity of water, a factor
of safety must be used. This may be done either by using a
value of n greater than the most probable value or preferably
the channel may be designed for a discharge greater than that
actually desired.

The values of n given in the following list, with typical de-
scriptions of the open channels from which the values were
determined, are for the most part abridged from the work of
Mr. Fred C. Scobey presented in Technical Bulletins Nos. 150,
393, 652, and in Bulletins 376 and 852 of the United States
Department of Agriculture. The original bulletins should be
referred to before selecting a value of n for any important
project.
n=0.008-0.010; for extremely smooth channels of glass or

polished wood used in model work; for the computation
of high velocities on steep chutes and spillways where air
is entrained. These values correspond to about two-
thirds the normal values found in canals at usual veloci-

9



10 HYDRAULIC AND EXCAVATION TABLES

ties and their use gives an approximation of the velocity
of the air-water mixture. Depths must be computed by
the use of normal value of =.

n==0.009; smooth flumes of polished lumber as used in models;
should not be used for design of prototype.

n=20.010; this value can be taken as the lowest one attained in
field tests where conditions approaching the ideal are
maintained. It is too low to be anticipated in the design
of any flume.

n=0.011; for new, straight, untreated semicircular stave flumes;
for new, straight, smooth, unpainted semicircular metal
flumes free from internal obstructions; for straight, best
quality, large-diameter concrete pipe used as a flow line;
only applicable to straight reaches; should not be expected
to hold for life of structure.

n=0.012; for surfaced, untreated lumber flumes in excellent
condition; for short, straight, smooth flumes of unpainted
metal; for hand-poured concrete of the highest grade of
workmanship with surfaces as smooth as a troweled side-
walk with masked expansion joints; practically no moss,
larvae, or gravel ravelings; alighment long, straight tan-
gents connected with long radius curves; field conditions
seldom make this value applicable.

n=0.013; minimum conservative value of n for the design of
long flumes of all materials of quality described under
n=0.012; provides for mild curvature or some sand;
treated wood stave flumes; covered flumes built of sur-
faced lumber, with battens included in hydraulic compu-
tations and of high-class workmanship; metal flumes
painted and with dead smooth interiors; concrete flumes
with oiled forms, fins rubbed down with troweled bottom;
shot conerete if steel troweled; conduits to be this class
should probably attain n=0.012 initially.

n=0.014; excellent value for conservatively designed structures
of wood, painted metal, or concrete under usual condi-
tions; cares for alignment about equal in curve and tan-
gent length; conforms to surfaces as left by smooth-
jointed forms or well-broomed shot concrete; will care
for slight algae growth or slight deposits of silt or slight
deterioration.
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n=0.015; rough, plank flumes of unsurfaced lumber with curves
made by short length, angular shifts; for metal flumes
with shallow compression member projecting into section
but otherwise of class »=0.013; for construction with
first-class sides but roughly troweled bottom or for class
n=0.014 construction with noticeable silt or gravel de-
posits; value suitable for use with muddy gravel deposits;
value suitable for use with muddy water for either poured
or shot concrete; smooth concrete that is seasonally
roughened by larvae or algae growths take value of
n=0.015 or higher; lowest value for highest class rubble
and concrete combination.

n=0.016; for lining made with rough board forms conveying
clear water with small amount of debris; class n=0.014
linings with reasonably heavy algae; or maximum larvae
growth; or large amounts of cobble detritus; or old linings
repaired with thin cement mortar coat; or heavy lime
encrustations; earth channels in best possible conditions,
with slick deposit of silt, free of moss and nearly straight
alignment; true to grade and section; not to be used for
design.

n=0.017; for clear water on first-class bottom and excellent
rubble sides or smooth rock bottom and wooden plank
sides; roughly coated, poured lining with uneven expan-
sion joints; basic value for shot concrete against smoothly
trimmed earth base; such a surface is distinctly rough
and will scratch hand; undulations of the order of 1 inch.

n=0.018; about the upper limit for concrete construction in any
workable condition; very rough concrete with sharp
curves and deposits of gravel and moss; minimum design
value for uniform rubble, or concrete sides and natural
channel bed; for volcanic ash soils with no vegetation;
minimum value for large high-class canals in very fine silt.

n=0.020; for tuberculated iron; ruined masonry; well-con-
structed canals in firm earth or fine packed gravel where
velocities are such that the silt may fill the interstices
in the gravel; alignment straight, banks clean; large
canals of class n=0.0225.

n=0.0225; for corrugated pipe with hydraulic functions com-
puted from minimum internal diameter; average; well-
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constructed canal in material which will eventually have
a medium smooth bottom with graded gravel, grass on
the edges, and average alignment with silt deposits at
both sides of the bed and a few scattered stones in the
middle; hardpan in good condition; clay and lava-ash
soil. For the largest of canals of this type a value of
n=10.020 will be originally applicable.

n=0.025; for canals where moss, dense grass near edges, or
scattered cobbles are noticeable. Earth channels with
neglected maintenance have this value and up; a good
value for small, head ditches serving a couple of farms;
for eanals wholly in cut and thus subject to rolling debris;
minimum value for rock-cut smoothed up with shot
concrete.

n=0.0275; cobble-bottom canals, typically occurring near
mouths of canyons; value only applicable where cobbles
are graded and well packed; can reach 0.040 for large
boulders and heavy sand.

n=0.030; canals with heavy growth of moss, banks irregular and
overhanging with dense rootlets; bottom covered with
large fragments of rock or bed badly pitted by erosion.

n=0.035; for medium large canals about 50 percent choked with
moss growth and in bad order and regimen; small chan-
nels with considerable variation in wetted cross-section
and biennial maintenance; for flood channels not con-
tinuously maintained; for untouched rock cuts and tunnels
based on “paper” eross section.

n=0.040; for canals badly choked with moss or heavy growth;
large canals in which large cobbles and boulders collect,
approaching a stream bed in character.

n=10.050-0.060; floodways poorly maintained; canals two-thirds
choked with vegetation.

n=10.060-0.240; floodways without channels through timber and
underbrush, friction slope 0.4 to 0.8 foot per mile.

Tables 21, 22, 23, and 24.—Tables 21 and 23 give areas and
hydraulic radii for partially filled circular and horseshoe conduit
sections, respectively.

Where horseshoe or circular cross sections are used the labor of
testing for the critical depth or the hydraulic jump is materially
reduced by use of tables 22 and 24, which are supplementary to
tables 21 and 23.



HYDRAULIC AND EXCAVATION TABLES 13

For example, suppose that it is desired to find the critical depth
for 650 second-feet flowing free in a 9-foot diameter circular conduit.
Q _ 650
D% 243 =2.675.
Entering table 22, column 3, with this value, by interpolation the
corresponding value in column 1 is found of

d
5—-0.701.

The critical depth is therefore
d=9X0.701=6.31 feet.

The eritical velocity head is likewise found from column 2 to be

h,=.3214X9=2.893 feet,
which gives a critical velocity of
V'=13.63 feet per second.

This information determines whether flow at a given point is
above or below critical depth, and provision may be made for any
contingency likely to occur.

Column 4 gives the hydrostatic pressure upon the cross section
of the water prism. The tabular values must be multiplied by
D® to give pressures in cubic units of water. If the pressure is
required in pounds, multiply the tabular value by 62.5 D3,

Table 24 is identical with table 22 except that it is computed
for a horseshoe section of the proportions indicated. These two
tables are subject to an error of one unit in the last digit.

Table 36.—Table 36 gives the discharges in cubic feet per
second over Cipolletti weirs for various lengths and depths of
water on the crest. The formula from which this table is com-
puted is @=3.367LH%, where Q is the discharge in cubic feet
per second, L the length in feet of the crest of the weir, and H the
depth in feet of water flowing over the weir. Table 36 may also
be used, with modification, for rectangular weirs, as discussed
after the table.

The Cipolletti weir differs from the rectangular form in having
side slopes of 4 vertical to 1 horizontal, instead of vertical sides.
1ts coefficient of contraction is unity and hence its discharge is
more readily computed than that of the rectangular weir.

Since the discharge is proportional to the length of weir, the
table may be used for weirs of any length by multiplying some
value found in the table by the proper factor, or by moving deci-
mal points and adding, but the tabular values are not accurate in
case the head is greater than one-third the length of the weir.
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Table 38.—Table 38 gives the discharge per foot of length over
sharp-crested vertical weirs, without end contractions, of heights
2, 4, 6, 8, 10, 20, and 30 feet, computed from Bazin's formula.
Although this formula is based on data obtained from experi-
ments with heads not greater than 1.64 feet, discharges for heads
of 4 feet and less computed thereby agree within 2 percent with
those obtained by use of the Fteley and Stearns formula. The
discharge given by this table is corrected for velocity of approach
and the head to be used is that observed 16 feet or more upstream
from the crest of the weir.

Tables 39 to 41.—Tables 39 to 41 give multipliers to be applied
to quantities in table 38 to determine the discharge over broad-
crested weirs of various types and dimensions.

ExampLE: Suppose the discharge is to be computed over a weir
of rectangular cross section that is 10 feet long, 12 feet high, 6 feet
wide at crest, and has an observed head of 2.4 feet. Table 38
shows that for a height (p) of 12 feet and a head (k) of 2.4, the
discharge is 12.42 second-feet. Table 39 shows that for a height
(p) of 12 feet, a erest width (¢) of 6 feet, and head (h) of 2.4 feet
the multiplier is 0.797. Hence, the discharge is 12.42X0.797 X
10=99.0 second-feet. With two end contractions the discharge
would be 9.9(10—2—-—>§§'4 =042,

Table 44.—Table 44 presents factors which may be multiplied
by the square root of the head to give the discharge of concrete
pipe by Scobey’s formula (see Bulletin No. 852, Department of
Agriculture). Thus, for example, the discharge of a 6-inch pipe
with rubber-gasket joints for a head loss of 6 feet per 1,000
would be 0.2078X2.4495=0.51 cubic feet per second.

Tables 48 to 52.—Tables 48 to 52 give the volume of excavation
in cubic yards per 100 feet of length for various center depths and
side slopes, assuming the ground to be level transversely. The
volume required is the difference between two triangular prisms.

In figure 1 is shown the cross section of & canal that has a
bottom width of 18 feet and side slopes of 13 to 1. The amount
of material in the prism C B F E is equal to the volume of the
prism A C E minus the volume of the prism ABF. As ACE
has an altitude of 16 feet and A B F has an altitude of 6 feet, the
volume of each for a length of 100 feet can be obtained from the
table. Opposite 16 in table 50 is 1,422, which is the volume
in cubic yards of A C E per 100 linear feet; opposite 6 is 200,
which is the volume of A B F.
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F1G. 1.~—Ideal canal section.

AsCBFE=ACE—-ABF
C B F E=1,422—200
=1,222

When working up quantities for canal excavation it is only
necessary to subtract the volume below the bed once for each
mile or for each 10 miles, thus making the use of the table much
more rapid.

Tables 53 to §7.—Tables 53 to 57 give the volume of excavation
in cubic yards per 100 feet of length, where the surface slopes
transversely, for various center depths and side slopes. They
differ from tables 48 to 52 only in that the earth surface is
sloping ground instead of being level transversely. The surface
slope is expressed in per cent, a 10 per cent slope being 10 vertical
to 100 horizontal.

Table 69.—Table 69 is designed for use in stadia work and
gives the difference in elevation corresponding to specified slant
distances for vertical angles of 0° to 20°. The horizontal dis-
tances corresponding to the slant distances are also given for
various vertical angles.

ExamMpLE: With the instrument at 4 a vertical angle of 3° 10’
is observed on a point B which is distant 350 feet by stadia read-
ing; find the difference in elevation of A and B and the horizontal
distance AB. Opposite 3° 10’ in the first column of the table,
16.5 is found under a distance of 300 and 22.1 under a distance of
400; and interpolation for a distance of 350 feet gives 19.3 feet for
the difference in elevation of A and B. Interpolation for 350
between the values in the 300 and the 400 distance columns of the
horizontal distance lines at 3° and 4° gives, respectively, 349.0
and 348.2; and an additional interpolation gives, for an angle of
3° 10’ and a slant distance of 350, a horizontal distance of 348.9.
The horizontal distance of AB is therefore 348.9 feet.
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Table 1.—Velocity of water, v, in feet per second, based on
“Manning’s formula v=(1.486/n)r28s12, m=.010—Continued

L
\ -00055 | .00060 | .00065 | .00070 | .00075 | .00080 | .00085 | .00090 | 00095 00100
14

0.2 1.19 L2441 130 1.34} 1.39| 1.44| 1.48| 1.52| 1.57 1.61
04! 1.8 1981 2061 2.13| 2.21| 228 235} 2.42| 2,49 2. 55
0.6 2.48 2591 2701 280! 2.90| 299) 3.08] 3.17( 3.26 3.34
0.8( 3.00f -3.14{ 3.26] 3.39| 3.51| 3.62| 3.73( 3.84| 305 4.05
Lo| 3.48 3.641 3.79| 393 4.07| 4.20| 4.33| 4.46| 4.58 4.70
L2} 394 4111 4281 444 4.60| 4.75| 4.80| 5.08| 517 5.31
14| 4.36 4.561 4.741 4.92| 509 5.26| 542| 558 5.73 5.88
16| 477 4.981 5.18| 5.38) 557 5.75) 593| 6.10) 6.27 6.43
L8} 516 539 561} 582 6.02) 6.22) 641 6.60 .6.78 8.95
20 553 5.78 | 6.011 6.24| 6.46| 6.67] 6.88| 7.08| 7.97 7.46
22| 589 6.161 6.41| 6.65| 6.88| 711} 7.33| 7.54| 7.75 7.95
24| 6.25 6521 679 7.051 7.29| 7.53| 7.77| 7.99| s 21 8.42
261 6.59 6.8 1 7.16| 7.43| 7.69| 7.95| 8.19| 8.43| s.68 8.89
28| 692 7.23| 7.53| 7.81] 8.08| 8.35| 8.61{ 886] 9.10 9.34
3.0, 7.25 7.571 7.881 818 8.47| 8.74| 9.01| 9.27| 9.53 9.77
3.2 | 7.57 7.901 8.23| 8.54| 8.84] 9.13| 90.41| 9.68| 9.95 10.20
8.4 7.8 8.23| 857 889] 9.20| 9.50| 9.80 | 10.08 | 1038 10. 63
3.6| 819 8551 890 9.23| 9.56| 9.87 | 10.18 | 10.47 | 10.76 11. 04
3.8| 849 8.86| 9.23( 0.57] 9.91)10.23|10.55] 10.86 | 11.15§ 11 44
40| 878 0.171 9.55| 9.91110.25]10.59 [ 10.92 ) 11.23 [ 11.54 | 11 84
421 9,07 0.481 0.86110.23{10.59{10.94 [ 11.28 { 11.60 | 11.92 | 12 23
441 9.36 9.77110.17 | 10.56 } 10.93 | 11.26 } 11.63 | 11.97 | 12.30 | 12 62
4.6 9:64] 10.07}10.48 ) 10.87 | 11.26 | 11.63 | 11.98 | 12.33 | 12 67| 13.00
4.8) 9.92| 10.36 | 10.78 | 11.19 | 11.58 | 11.96 | 1233 12.69 | 13.03 | 13.37
5.0110.194 10.64 | 11.08 | 12.50 | 11.90 | 12.29 [ 12.67 | 13.04 13.39 1 13.74
5,21 10.46| 10.93 | 11.37 | 11.80 | 12.21 | 12.62 | 13,00 | 13.38 13.75| 14.10
5,41 10731 11.20 1 11.66 | 1210 ] 12.53 | 12,94 | 13,33 | 13.72 14.10 | 14.46
5,61 10.99| 11.48 | 11.95|12.40 | 12.83 | 13.25 | 13.66 | 14.06 14.44 | 14.82
58] 11.25] 11.75]12.23 | 12.69 | 13.14 | 13.57 [ 13.99 14.39 | 14.79 | 15.17
6.0 11.51 | 120211251 | 12.98 | 13.44 | 13.88 14.31 | 14.72 [ 15.12 | 15.52
6.2 ) 11.76| 1228|1270 | 13.27 | 13.73 | 14.18 | 14 6211505 15.46 | 1586
6.4 12.01 | 12.55 | 13.06{13.55 | 14.03 | 14.49 | 14.93 | 15 3711579 | 16.20
6,6]12.26 | 12.81 ]13.33 1 13.83 } 14.82 ] 14.70 | 15,24 | 15 6916121 16.53
6.8 12.51 | 13.06 | 13.60 | 14.11 | 14.61 | 15.00 | 15.55 16.00 | 16.44 | 16.87
7.0 12.75| 13.32|13.86 | 14.39 | 14.89 | 15.38 | 15.85 | 16.31 16.76 | 17.20
9.5 13.35| 13.9514.52 | 15.06 | 15.59 | 16.10 | 16.60 | 17.08 17.56 | 18.00
8,0 13.94 | 14.56 | 15.15 | 15.73 | 16.28 | 16.81 | 17.33 17.83 [ 18.32 | 18.80
8,8 1451 | 1518 }15.78 | 16.37 | 16.95 | 17.51 | 18 04 118.57 1 19.08 | 19.57
8,0 | 1508 | 15.7516.39 [ 17.01 | 17.61 | 18.19 ] 18,75 | 19 29 19.82 | 20.33
9.5 | 15.63 [ 16.33 | 16.99 | 17.64 | 18.25 | 18.85 | 19.43 | 20.00 20.54 | 21.08

10 16.18 | 16.90 | 17.58 | 18.25 | 18.89 | 19.51 | 20.11 | 20.69 | 21.26 21,81

11} 17.24 | 18.00 [ 18.74 | 10.45 | 20.13 | 20.79 | 21.43 | 22.05 | 22 65 24

12 | 18.27 | 19.08 | 19.86 | 20.61 | 21.33 | 22.03 | 22.71 | 23.37 | 24.01 24. 63

13 10.27 | 20.12|20.95 | 21.74 | 22.50 | 23.24 | 23.95 | 24.65 25.32 | 25.08

14| 20.24 | 21.14|22.01 | 22.84 | 23.64 | 24.41 | 25.17 | 25.90 | 26. 61 ] 27.30

16 21.20 | 22,14 {23.04 | 23.91 | 24.75 | 25.56 | 26.35 | 27.11 27.86 { 28,58

16| 22.13 ) 23.11 | 24.06 | 24.96 | 25.84 | 26.69 | 27.51 | 28.31 | 29 08 | 20.8¢

17| 23.04 | 24.07 | 25.05 | 25.99 | 26.91 | 27.79 | 28. 64 | 20, 47 30.28 | 31.07

18 23.941 25.00 1 26.02 | 27.00 | 27.95 | 28.87 | 29.76 | 30.62 | 31. 46 32.28

19 ) 24.81 | 25.0226.98. 27.99 | 28.98 | 29.93 | 30.85 | 31. 74 32,611 33.46

20 ] 25.68] 26.82)27.91) 28.97 | 20.98 | 30.97 | 31.92 32.85(33.75| 34.62
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Table 1.—Velocity of waler, v, in feel per second, based on

Manning’s formula v=(1.486/n)r2Rs1/2,

n=.010—Continued

s
\ 0010 | L0015 | .0020 | .0025 | .0030 [ .0035 | .0040 | .0045 | .0050
T

0.2 1.61 1.97 2.27 2. 54 2.78 3.01 3.21 3.41 3.59
0.4 2. 66 3.12 3.61 4.03 4.42 4.77 5.10 5.41 5.70
[ X ] 3.34 4,09 4,73 5.29 5.79 6.25 6.69 7.09 7.47
0.8 4.05 4.96 5.73 6.40 7.01 7.58 8.10 8.69 9.06
10 4.70 5.76 6.65 7.43 8.14 8.79 9.40 9.97 10.51
L2 5.31 6.50 7.60 " 839 9.19 9.93]| 10.61} 11.28 11.87
1.4 5.88 7.20 8.32 9.30| 10.19| 1L00| 11.76| 12.48 13.15
L6 6.43 7.87 9.09] 10.16]| 11.13]| 12.03| 12.86] 13.64 14.37
L8 6.95 8.52 9.83] 10.99| 12.04] 13.01| 13.91| 14.75 15, 55
2.0 7.46 9.14| 10.55| 11.79} 12.92] 13.96 | 14.92| 1582 16.68
2.2 7.95 9.74| 11.24| 12,57 13.77| 14.87| 15.00| 16.86 17,77
2.4 8.42} 10.32| 11.91| 13.32| 14.50| 1576| 16.85| 17.87 18.84
2.6 8.80| 10.88| 12.57| 14.051 15.39| 16.62| 17.77] 18.85 19.87
28 9.34| 11.43} 13.20( 14.76| 16.17| 17.46{ 18.67| 19.80 20. 87
3.0 9.77| 11.97| 13.82| 15.46| 16.93| 18.29) 19.55( 20.74 21. 86
3.2 10.20] 12.50| 14.43| 16.13| 17.67 | 19.09] 20.41( 21.656 22,82
3.4| 10.63]| 13.01| 15.03| 16.80| 18.40| 19.88) 21.25) 22.54 23.76
3.6 11.04| 13.52| 1561 17.45} 19.12) 20.65| 22.08| 23.41 24.68
3.8] 1144 14.01] 16.18] 18.09| 19.82| 21.41| 22.89| 24.27 25. 59
40| 11.84| 14.50| 16.75| 18.72| 20.51}| 22.15| 23.68) 25.12 26.48
4,%] 12231 14.98] 17.30| 19.34| 21.19| 22.89| 24.47| 2595 27.35
4,41 12.621 15.45| 17.84| 19.95| 21.85| 23.61) 2524| 26.77 28.21
4,6 13.00| 15.92| 18.38| 20.55| 22.51| 24.32| 25.99| 27.57 29. 06
48| 13.371 16.38| 18.91| 2L.14| 23.16| 25.02| 26.74| 28.37 29.90
5.0| 13.74| 16.83| 19.43| 21.731 23.80) 25.71| 27.48] 29.15 30.72
5.2 14.10) 17.27| 19.95| 22.30| 24.43) 28.39] 28.21| 20.92 31.54
5.4| 14.46] 17.71| 20.45| 22.87| 25.05| 27.06| 28.93| 30.68 32.34
5.6] 14.82| 18.15| 20.96| 23.43) 2567 | 27.72| 20.64( 3144 33.14
5.8| 1517 18.58 | 21.45| 23.99| 26.27| 28.38| 30.34| 32.18 33.92
6.0 1552| 19.00| 21.94| 24.53| 26.87| 20.03| 31.03| 32.91 34.70
6.2| 1586 | 190.42| 22.43| 25.08| 27.47| 20.67| 31.72| 33.64 35. 46
6.4 16.20| 19.84| 22.91| 2561} 28.06| 30.30| 32.40] 34.36 36. 22
6.6 16.53| 20.25| 23.38| 26.14| 28.64| 30.93| 33.07| 35.07 36.97
6.8| 16.87) 20.66| 23.85]| 26.67] 20.21| 3L55| 33.73| 3578 37.71
%0} 17.20| 2106 24.32] 27.19| 29.78| 32.17| 34.39| 36.48 38.45
7.5| 18.00| 22.05| 2546| 28.47| 3L.10| 33.68; 36.01] 38.19 40. 26
8,0 18.80| 23.02| 26.58] 20.72| 32.56 | 356.17| 37.59| 39.87 42.03
8,51 10.57| 23.97 27.68| 30.95| 33.00| 36.62| 30.14| 41.52 43.76
9.0| 20.33| 24.90| 28.75( 3215 3522| 38.04| 40.66| 43.13 45. 46
9,5 2108 2582 ) 29.81 .33 36.51) 39.43) 42.161 44.71 47.13

10| 21.811 26.71| 30.85| 34.49 | 37.78 | 40.81 | 43.62| 46.27 48,77

11| 23.24 | 28.47| 82.87| 36.75| 40.26 | 43.48 | 46.48 [ 49.30 61,97

12 | 24.63 | 30.17 | 34.83 .04 1 42.66 | 46.08| 49.26 | 52.25 55,08

13| 25.98| 8182 36.74| 41.08 | 45.00| 48.61| 51.96 ] 55.11 58.09

14| 27.30 | 33.43| 38.60 L16 | 47.28 | 61.07 | 54.59 | 567.90 61,04

15| 28.58| 36.00 | 40.42 | 45.19| 49.50 | 53.47 | 57.16 | 60.63 63, 91

16{ 20.84| 36.54) 4220 | 47.18| 51.68 | 55.82| 59.68 | 63.30 66.72

17| 3107 38.05| 43.94| 49.12| 63.81 | 8.12| 6214 | 6591 69. 47

18| 3228 | 39.53 | 45.64 | 51.03| 55.90 | 60.38 | 64.55 | 68.47 72.17

19| 33.46| 40.98 | 47.32| 52.90| 57.95| 62.60.] 66,92 | 70.98 74.82

20| 34.62| 42.41 | 48.97| 54.74| 59.97 | 6€4.77 | 60.25| 73.46 77.42



Table 1.—Velocity of water, v, in fe

HYDRAULIC AND EXCAVATION TABLES

19

el per second, based on

Manning's formula v=(1.486/n)r?8s!2, 1n=.010—Continued

8
x 0055 | .0080 | .0065 | .0070 | .6075 | .0080 | .0085 | .0080 | .0095 | .0100
0.2 3.77 3.94| 4.10| 425, 4.40| 4.55| 4.60| 4.82( 4.95 5.08
0.4 598 6.25| 6.50| 6.75| 6.99( 7.22| 7.44| 7.65( 7.86 8.07
0.6 7.84 8.19 | 8.52| 8.84] 9.15( 0.46| 9.75|10.03 | 10.30 | 10.57
0.8) 9.5 9.9210.82 ) 10.71 | 11.09 | 11.45 | 11.81 | 12.15 | 12.48 | 12.81
L0} 11,02 11.51 | 1198} 12.43 | 12.87 [ 13.20 | 13.70 | 14.10 | 14.48 | 14. 86
121 12.44| 13.00|13.53 | 14.04 | 14.53 | 15.01 | 15.47 | 15.92 | 16.36 | 16.78
L4 13.79| 14.40|14.99 | 15,56 | 16.11 [ 16.63 | 17.15 | 17.64 | 18.13 | 18.60
L6 1508} 1575]16.3917.01 | 17.60 | 18.18 | 18.74 | 19.29 | 19.81 | 20.33
L8| 16,31 | 17.03 ) 17.73 | 18.40 | 19.04 | 19.67 | 20.27 | 20.86 | 21.43 | 21.99
2.0/ 17.40| 18.2719.02} 19.74 | 20.43 | 21.10] 21.75 ] 22.38 [ 22.90 | 23.59
2.2 18.64 19.47 | 20.27 | 21.03 | 21.77 { 22.48 | 23.17 | 23.85 [ 24.50 { 25.14
2.4 19.75 .63 | 21.48 | 22.29 | 23.07 | 23.83 | 24.56 | 25.27 | 25.96 | 26.64
2.6/ 20.84( 21.76 | 22.65 | 23.51 | 24.33 | 25.13 | 25.90 | 26.66 | 27.39 | 28 10
2.8 21.89 ( 22.87 | 23.80 | 24.70 § 25.57 | 26.40 | 27.22 | 28.01 | 28.77 | 29,52
3.0 | 2202 | 23.94|24.92} 25.86 | 26.77 | 27.65 | 28.50 | 20.32 | 30.13 | 30.91
3.21 23.03( 2500/ 26.02(27.00) 27.95 | 28.86 29.75 | 30.61 | 31.45 | 32 .27
3.4 2402 26.03127.00 | 28.11 | 20.10 | 30.05 | 30.98 | 31.88 [ 32.75 | 33,60
3.8 2580 27.04|28.14 | 29.20 30.23 | 31.22 | 32.18 { 33.11 | 34.02 | 34 90
3.8 26.8¢| 28.03 | 20.17 | 30.28 | 31.34 | 32.37 | 33.36 | 34.33 | 35.27 36.19
4.0 27.77( 29.00 { 30.19 | 51.33 ) 32,43 | 33.49 | 34.52 | 35.52 | 36.50 | 37.44
4.2 28.69| 20.96)31.10|32.36 | 33.50 | 34.60 | 35.66 | 36.70 | 37.70 | 38,68
4.4 29.59| 30.91 (3217 33.38(34.56 | 35.60 | 36.79 | 37.85 | 35.80 | 39,90
4,681 30.48| 31.84 (33,14 1 34.39 ( 35.50 | 36.76 | 37.89 | 38.99 | 40.06 | 41.10
4.8 | 31.36 | 32.75 [ 34.09 | 35.38 | 36.62 | 37.82 | 38.98 | 40.11 | 41.21 | 42,28
5.0 | 32,22 ( 33,66 (3503 ( 36.35  37.63 | 38.86 | 40.06 | 41.22 | 42.35 | 43.45
5.2 | 33.08 | 34.55|35.06)37.32 | 38.63 | 30.89 | 41.12 | 42.31 { 43.47 | 44. 60
5.4 33.921 3543 |36.88|38.27|30.61 | 40.91| 42,17 | 43.39 | 44.58 | 45.74
5.6 | 34.75] 36.30 | 37.78 | 39.21 | 40.58 | 41.91 | 43.20 | 44.46 | 45.67 | 46.86
5.8 | 35.58 1 37.16( 38.67 | 40.13 | 41.54 | 42.91 | 44.23 | 45.51 { 46.76 | 47.97
6.0 | 36.30 [ 38.01 | 39.56 | 41.05 | 42.49 | 43.80 | 45.24 { 46.55 | 47.82 | 49.07
6.2 37.19 | 38.85|40.43 | 41.96 | 43.43 | 44.86 | 46.24 | 47.58 | 48,88 | 50.15
6.4 37991 39.68|41.30 | 42.86 | 44.36 | 45,82 ] 47.23 | 48.60 | 49.93 | 51.22
6.6 38.78 | 40.50 | 42.15 | 43.75 | 45.28 | 46.77 | 48.20 { 49.60 | 50.96 | 52. 29
6.8 | 39.56 | 41.31|43.0044.62 ] 46.19 [ 47.71 | 49.17 [ 50.60 | 51.99 | 5334
.01 40.33 | 42,12 43.84 | 45.50 | 47.09 | 48.64 | 50.13 | 51.50 | 53.00 | 54.38
9.5 42.23 | 44.10| 45.00 | 47.64 | 49.31 | 50.93 | 52.49 | 54.01 | 55.50 | 56.94
8.0 | 44.08 ( 46.04 | 47.92 | 49.73 | 51.48 | 53.16 | 54.80 | 56.39 | 57.93 | 59,44
8.5 45.90 | 47.94 | 49.90 | 51.78 | 53.60 | 55.36 | 57.06 | 58.72 | 60.32 | 61.89
9.0 | 47.68 | 49.80 | 51.84 | 53.79 | 55.68 | 57.51 | 59.28 | 61.00 | 62,67 | 64.30
9.5 | 40.43| ©51.63 | 53.74 55.77 | 57.73 | 50.62 | 61.45 | 63.23 | 64.97 | 66. 66
10 [ 5115 53.43) 55.61| 57.71| 50.73| 61.69| 63.59| 65.43| 67.23| 68.97
111 54.51( 56.93| 50.26| 61.40| 63.65| 65.74| 67.76| 69.73] 71.64| 7350
12| 57.76] 60.83| 62.80 65.17| 67.45 69.67| 71.81| 73.80| 75.92| 77.89
13| 60.93) 63.64) 66.24] 68.74] 71.15 73.48) 75.75| 77.94| s80.08| 82 186
14| 64.02| 66.86] 69.50| 72.22) 74.75 77.21| 79.58| 81.80 84.13| 8532
151 67.03] 70.01 72.87 7562 78.27| 80.84| 83.33| 85.74| 88.00| 90 38
18 | 69.98/ 73.09! 76.07| 78.94| 81.71| 84.39| 86.99{ 89.51| 91.97| o4 36
17 ] 72.861 76.10| 79.21| 82.20| 85.08| 87.87] 90.58| 93.21| 95.76 98,25
181 75.69( 79.06| 82.20| 85.39] 88.39] 91.29( 94.10/ 96.83| 99.48| 102,08
19| 78.47| 81.96/ 85.31] 88.53| 91.63| 94.64] 97.55| 100.38| 103. 13| 105.81
20| 81200 84.81 88.27] 91.61] 94.82] 97.93| 100.94| 103.87| 106.72| 109. 49
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Table 1.—
Manning's formula v=(L. 48(:‘)/1«»)r2/3s;”2

Velocity of waler, v,

in feet per second, based on

n= .010—Cont1nued

8
)\ 01 02 03 4 05 08 07 08 09 10
0.2 | 5.08 7.19 1 8.80|10.16 | 11.36 | 12.45 | 13.45 | 14.37 | 15.25 | 16,07
0.4] 8.07) 11.41|13.97]16.13|18.04 | 19.76 | 21.34 | 22.82 | 24.20 25, 51
0.6 10,57 | 14.95| 18.31 | 21.14 | 23.64 | 25.80 | 27.97 , 20.90 { 31. 711 33.43
0.8 | 12.81| 18.11122.18 | 25.61 | 28.63 | 31.37 | 33.88 | 36.22 | 38.42 | 40. 50
1.0] 14.861 21.02]25.74 | 29.72 | 33.23 | 36.40 | 30.32 | 42.03 | 44. 58 | 46.99
121 16.78 | 23.73 | 20.06 | 33.56 | 37.52 | 41.10 | 44.40 | 47.46 | 50.34 53.06
1,4 18.60 | 26. 32.21 ] 37.19 | 41.58 | 45.55 | 49.20 | 52.60 | 55.79 | 58.81
1.6 20.33 | 28.75| 35.21 | 40.66 | 45.46 | 49.79 | 53.78 | 57.50 | 60.98 64.28
1.8 | 21.00 | 31.10 | 38.09 | 43.98 | 49.17 | 53.86 | 58.18 | 62.19 | 65. 97 | 69.53
2.0 23.59| 33.36| 40.86| 47.18 | 52.75 | 57.78 | 62.41 | 66.72 | 70.77 | 74 59
2.2 25.14 | 35.55| 43.54 | 50.27 | 56.21 | 61.57 } 66.50 | 71.10 | 75.41 79.49
%4 26.64| 37.67 | 46.14 | 53.27 | 59.56 | 65.25 | 70.48 | 75.34 | 79.91 84.24
2.6 28.10 39.74 | 48.67 | 56.20 | 62.83 | 68.82 | 74.34 | 79.47 } 84.20 | 88, 85
281 2052 41.75| 51.13 | 59.04 | 66.01 | 72.31 | 78.10 | 83.50 | 88.56 93.35
3.0 30.01] 43.71|53.54 | 61.82| 69.12 1 75.71 | 81.78 | 87.43 | 92.73 | 07. 75
3.2 32.27| 45.64(55.80 | 64.54 1 72.16  79.04 | 85.38 | 91.27 | 96. 81 { 102.04
3.4 33,60 475215820/ 67.20  75.13 [ 82.30 [ 88.90 | 95.03 1100.80 | 106.25
3.6 31.00] 49.36 60.46 | 60.81 | 78.05 } 85.50 | 92.35 | 98.73 |104.71 | 110.38
3.8 36.19| 51.17 | 62.68 | 72.37 | 80.91 | 88.64 | 95.74 [102.35 [108.56 | 114.43
4.0 37.44 | 52.96 | 64.86 | 74.89 | 83.73 | 91.72 | 99.07 |105.901 1112.33 | 118.41
4.2 3868 54.71 | 67.00 | 77.37 | 86.50 | 94.75 |102.35 |109. 41 1116.05 | 122.33
4.4 30.00] 56.43 | 69.11 | 79.80 | 89.22 | 97.74 |105. 57 |112.86 119.70 | 126. 18
4.8 4110 | 58.13 [ 71.10 | 82.20 | 91.91 |100.68 [108.74 |116.25 {123.30 129.97
4.8 42.28| 59.80 | 73.24 | 84.57 | 94.55 |103.58 |111.87 |110.60 |126.85 | 133.71
5.0 | 43.45| 61.45] 75.26 | 86.90 | 97.16 |106. 43 |114.96 |122.90 1130.35 | 137.40
5.2 44.60| 63.08 | 77.25 | 89.20 | 99.73 [109.25 |118.01 |126.15 |133.81 | 141.04
5.4 45.74 | 64.68 | 79.22 | 91.48 [102.27 |112.04 |121.01 |129.37 1137.22 | 144.64
5.6 | 46.86 | 66.27 | 81.17 | 93.72 [104.78 |114.79 |123. 98 |132. 54 |140. 58 148.19
5.8 | 47.97 | 67.84 | 83.00 | 95.94 |107.26 [117. 50 126.92 {135. 68 {143.91 | 151.60
6.0 | 40.07 | 69.39 | 84.99 | 98.13 |109.72 |120. 19 {129.82 ;138.78 (147.20 | 155.16
6.2 ! 50,151 70.92 | 86.86 {100.30 (112.14 |122.84 |132.69 [141.85 |150.45 | 158. 59
6.4 51.22) 72.44 | 88.72 |102.45 |114. 54 [125.47 |135.53 |144.88 |153.67 | 161.98
8.6 | 52.29 | 73.94 | 90.56 |104.57 |116.91 {128.07 |138.33 (147.89 [156.86 | 165.34
6.8 | 53.34 | 75.43 | 92.38 {106.67 |119.26 [130.65 |141.12 {150.86 |160.01 | 168.66
7.0 54.38 | 76.90 { 94.18 [108.75 |121. 50 {133.20 [143.87 |153.80 |163.13 | 171.96
7.5 | 56.94 | 80.52 | 98.62 |113.87 |127.31 [139.47 [150. 64 {161.04 |170.81 | 180. 05
8.0 | 50.44 | 84.06 [102.95 |118.88 |132.91 [145. 60 |157.26 (168.12 |178.32 | 187.97
8.5 | 61.80 | 87.53 |107.20 {123.78 [138.39 |151.60 [163.75 |175.06 |185.67 | 195,72
9.0 64.30 | 90.93 |111.36 |128. 59 |143.77 [157.49 (170.11 1181.86 [192.89 | 203.32
9.5 | 66.66 | 94.26 |115,45 1133.31 |149.05 163, 27 (176.35 (188, 53 (199.97 | 210.78
10| 68.97] 97.54] 119.47| 137.95 154. 23| 168. 95| 182. 49| 195.09| 206.92| 218.11
11| 73.50| 103.94| 127.30] 147.00| 164.35) 180. 03| 104. 46| 207. 89 220. 50| 232. 42
121 77.89| 110.15] 134.91| 155.78] 174.16| 190. 79( 206. 07| 220. 30| 233. 67| 246. 30
13 82.16] 116.19] 142.30] 164.32] 183.71| 201. 24| 217.37) 232. 38| 246. 47 259, 81
14 | 86.32] 122.07] 149.51] 172.64] 193.01] 211. 44| 228.38] 244.15| 258. 96| 272.96
15 | 90.38| 127.82] 156.55] 180. 76| 202.10( 221.39] 239. 13| 255. 64| 271. 14} 285.81
16 | 94.36] 13344} 163.43| 188.71( 210.98( 231.12} 249. 64| 266.88[ 283.07} 298.38
£ 08.25] 138, 94| 170.17| 196. 49| 219, 60| 240. 65| 259. 94| 277. 88| 204. 74| 310. 68
18 | 102.06] 144.34| 176.78| 204. 13] 228.22| 250.00| 270.03| 288. 68 306. 19| 322.75
10 | 105.81] 140.64) 183.27| 211.62| 236.60] 259. 18] 279. 94| 299, 27| 317. 43| 334.60
20 | 109.40] 154.84] 189. 64| 218. 98| 244. 83| 268. 19| 289. 68| 309. 68| 328. 47| 346. 24
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, based on

, =.011
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Table 2.—Velocity of waler,

HYDRAULIC AND EXCAVATION TABLES

v, in feet P

Manning’s formula v= (1.486/n5 r2f3gl/2

er second, based on

n=.011—Continued

8
\ 00055 | .00060 | 00065 | .00070 | .00075 | 00080 | 00085 | .00090 | .00095 00100
rN
0,21 108 113 18] 12| 27| 1.31] 135 1.39| L42 1.46
o4] 172 180| 187| Lo4| 201} 207| 2.14| 2.20| 2.26 2.32
08| 225 2.35| 2.45[ 2.54| 2.63| 2.72| 2.80} 288 296 3.04
08| 2.73 2.85| 2.97| 308! 3.19] 3.29| 3.39| 3.49) 3.58 3.68
Lo{ 317 3.31| 3.4 357( 3.70] 3.82| 3.94| 4.05) 4.16 4.27
1.2] 3.58 3.74| 3.80| 4.04| 418 | 4.311 445 4.58| 4.70 4.82
14| 3.96 414| 431| 447| 463 478 | 493 507 5.2 5.35
L6 433 453| 47| 480 5.06| 5.23| 639 554 570 5.84
1.8 4.69 490| 510| 5290| 547} 565| 58 6.00) 6.16 6.32
2.0 503 5.25| 547 5.67| 5.871 6.07| 6.25| 6.43) 6.61 6.78
2.2 5136 5.60| 5.8 | 6.05| 6.26| 6.46| 6.66| 6.86| 7.04 7.23
2.4| 568 503| 6.17| 6.41| 663 6.85| 7.06| 7.26| 7.46 7.66
26| 599 6.26| 6.51| 6.76 | 7.00| 7.22| 7.45| 7.66| 7.87 8.08
28 629 6.57| 6.8| 7.10| 7.357 7.59| 7.82| 805} 827 8.49
3.0 659 6.88| 7.16| 7.43| 7.70| 7.95| 8.19| 843 8.66 8.89
3.2| 6.8 719 7.48) 7.76| 8.03| 8.30| 8.55| 8.80| 9.04 9.28
3.4 7.16 7.48| 7.79| s.08| 8.37| 8.64] 891| 0.16| 9.41 9,66
3.86| .44 771! so09f 8.40| 860 8.98| 9.25| 9.52 9.78 | 10.03
3.8| 771 806| 83| 870] 9.01| 9.30} 9.59} 0.87 [ 10.14 } 10.40
40| 7.98 8341 868) 90.01] 9.32( 9.63| 9.92}10.21]10.49 | 10.78
42| 825 se6l| 897| 030! 9.63} 9.95]10.25|10.55 [ 10.84 | 11.12
441 851 889! 9.25]| 9.60| 9.93 | 10.26  10.58 | 10.88 | 1118 | 11.47
46| 876 0.15| 0.53| 0.80| 1023 | 10.5710.89 | 11.21 | 11.52 | 1182
48| 9.02 0.42| 9.80{10.17 | 10.53 | 10.87 | 11.21 | 11.53 | 11.85 | 12.16
501 9.26 9.68 | 10.07 | 10.45 | 10.82 [ 11.17 | 11.52 | 11.85 | 12,17} 12, 49
52| 9.51 0.93 | 10.3¢4 | 10.73 | 11.10{ 11.47 | 11.82 | 12.16 | 12.50 | 12.82
5.4| 9.75| 10.19]10.60 | 11.00 | 11.39 | 1L.76 | 12. 121 12.47 [ 12.82 ] 13.15
5.6 0.99| 10.44 | 10.86 | 11.27 | 11.67 | 12. 05{12.42 | 12.78 [ 13.13 | 13.47
5.8 1023 | 10,68 11.12 | 11.54 | 11.64 | 12.33 | 12. 71(13.08 | 13,44} 13.79
6.0 | 10.46 | 10.93 | 11.37 | 11.80 | 12.22 | 12.62 | 13. 00| 13.38 (13.75| 14.11
6.2 | 10.69 | 11.17 | 11.62(12.06 | 12.49 | 12.90 | 13.29 13.68 | 14.06 | 14.42
6.4 1002 11.41|11.87 |12.32 | 12.75 | 13.17 | 13.58 13.97 | 14.35 | 14.73
6.6 11.15| 116412121258 | 13.02 ) 13.44 § 13. 86 | 14.26 | 14.65 | 15.03
6.8 | 11.37] 1188|1236 | 12.83 | 13.28 | 13.71 14.14 | 14.55 | 14.94 | 15.33
9.0 | 1L.59 | 12,11 |12.60 | 13.08 | 13.54 | 13.08 | 14.41 14.83 | 15.24 | 15.63
5| 1214 | 12.68]13.20 | 13.60 | 14.18 | 14.64 | 15.09 | 15.53 15.95 | 16.37
8.0 12,67 13.24 | 13.78 | 14.30 | 14.80 | 15.28 | 15.75 16,21 | 16.66 | 17.09
8.5 13.20| 13.78 | 14.34 | 14.89 | 15.41 | 15.01 | 16.40 16.88 | 17.34 | 17.79
0.0 13.71 | 14.3214.90 | 15.46 | 16.01 | 16.53 | 17. 04 {17.54 | 18.02 | 18.48
95| 14.21| 14.84 } 156,45 | 16. 16.59 | 17.14 1 17.67 | 18.18 | 18,68 | 10,16
101 14711 153611599 |16.59 [ 17.17 | 17.74 | 18.28 18.81 ( 19.33 | 19.83
11| 15.67| 16.37 ) 17.04 | 17.68 | 18.30 | 18.90 | 19.48 | 2. 05]20.59 | 2113
12] 16.61] 17.34| 18.05 | 18.73 | 19.39 | 20.03 | 20.64 | 21. 24| 21.82| 22.39
13| i7.52| 18.20 | 19.04 | 19.76 | 20.45 | 21.13 | 2L.78 ) 22.41 23.02 | 23.62
14 18.40] 19.22| 20.01 .76 | 21.49 | 22.20 | 22.88 | 23.54 | 24.19 | 24.81
150 19.27] 20.13]20.95 | 21.74 | 22.50 | 23.24 | 23.96 | 24. 65 | 25.32 | 25.98
16 20121 2101 | 21.87 | 22.60 | 23.49 [ 24.26 | 25.01 ) 25.73 26.44 | 27.13
171 20.05] 21.88]22.77| 23.63 | 24.46 | 25.26 | 26.04 26.79 | 27.53 | 28.24
18] 21.76| 22.73 | 23.66 | 24.55 | 25.41 | 26.24 | 27.05 ) 27. 84128.60 | 29.34
19 | 22.56 | 23.56 | 24.52 | 25.45 | 26. 27.21 | 28. 28.86 | 29.65 | 30.42
20| 23.3¢| 24.38| 25.38 | 26.33 | 27.26 | 28.15 | 29.02 20.86 | 30.68 | 31.48
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Table 2.—Velocity of water, v, in feet per second, based on

Manning’s formula v=(1.486/n)r?Rs1/2,

n=.011—Continued

/.

N 0010 | 0015 | .0020 | .0025 | .0030 | .0035 | .0040 | .0045 | .0050
r

0.2 1. 46 179 2.07 2.31 2.53 2,73 2.92 3.10 3.27
0.4 2,32 2.84 3.28 3.67 4.02 4,34 4,64 4,92 5.19
0.6 3.04 3.72 4.30 4,81 5.26 5.69 6.08 6.45 6.80
0.8 3.68 4.51 5.21 5.82 6.38 6.89 7.36 7.81 8.23
1.0 4,27 5.23 6.04 8.75 7.40 7.9 8.54 9,06 9. 55
L2 4,82 5.91 6,82 7.63 8.36 9.03 9.65 1 10.23 10.79
1.4 5.35 ©. 56 7.56 8.45 9.26 ] 10.00| 10.69 | 11.34 11.95
16 5.84 7.16 8.26 9.24 ) 1012 10.93| 11.68{ 1240 13.07
L8 6.32 7.74 8.04 0.90 1 10.95) 11.83; 12.64| 13.41 14,13
2.0 6.78 8.31 9. 59 0.72 | 11.75( 12,69 13.56 | 14.39 15.16
2.2 7.2 8.85( 10.22) 11431 12.52| 13.52| 14.45| 15.33 16. 16
2.4 7.66 9.38| 10.83| 12,11 | 13.26| 14.33| 1532 16.24 17.12
2.6 8.08 0.80| 11.42) 12,77} 13.99| 15.11| 16.15| 17.13 18.06
2.8 8.49) 10.39| 1200 13.42| 14.70 | 15,88 | 16.97] 18.00 18.98
3.0 8.80( 10.88 | 12,57 14.05| 1539 16.62; 17.77] 18.85 19.87
3.2 9.28) 1136} 13.12{ 1467} 16.07{ 17.36) 18.55} 19.68 20,74
3.4 9.66f 11.83( 13.66| 1527 16.73 | 18.07| 19.32| 20.49 21, 60
3.6! 1003} 1229 14.19( 1587 | 17.38 [ 18.77| 20.07) 21.29 22,44
38| 1040 1274 14.71) 16,45 18.02| 19.46( 20.81 | 22.07 23.26
40| 10.76) 13.18) 1522 | 17.02] 18.64| 20.14 | 21.53 | 22.84 24,07
4.2 11,12} 13,62 1573 | 17.58 | 19.26| 20.80 | 22.24 | 23.59 24,87
4.4 11.47) 1405) 16,22 18.14| 19.87 ) 21.46| 22.94| 24.33 25, 65
4.6 11.82] 14.47| 16.71| 18.68( 20.47 | 22.11{ 23.63 | 25.07 26. 42
481 1216 14.89) 17,19} 19.22| 2105} 22.74| 24.31) 25.79 27.18
5.0 12401 1530 17.67| 16.75} 2l 64| 23,371 24.08 1 26.50 27.93
5.2 1282 1570 | 1813 20.27( 22,21 ! 23,09 | 2564 27.20 28,67
54| 13.15| 16.10{ 18.60( 20.79; 22.77( 24.60| 26.30 | 27.89 29. 40
5.6 13.47| 16.50 | 19.05| 21.30| 23.33 | 25.20 | 26.94 | 28.58 30.12
5.8| 13.79| 16.89| 19.50 | 21.80 | 23.89 | 25.80 | 27.58} 29.25 30.84
80| 1411 | 17.28| 19.95: 2230 | 24.43) 26.39| 28.21 | 20.92 31, 54
8.2 14.42) 17.66) 20.39) 22.80) 24.97| 26.97) 28.83| 30.58 32.24
6.4 | 1473 18.04| 20.83 ) 23.28 2551 27.55| 20.45| 31.24 32.93
6.6] 1503) 1841 2126 23.77] 26.03; 28.12) 30.06| 31.89 33.61
6.8 1533 ] 18.78| 21.68| 24.24( 26.56 | 28.60 | 30.67 | 32.53 34,29
%.0| 15.63 | 19.15) 2211} 24.72| 27.08| 20.25( 31.26( 33.18 34,96
7.5 16.37| 20.05} 23.15| 2588 28.35| 30.62| 32.74 | 384.72 36. 60
80| 17.09) 20.93 | 24.17| 27.02| 29.60 | 31.97| 3418} 36.25 38.21
851 1779 21.79| 2516 28.13| 30.82 | 33.20 | 3559 | 37.74 39.79
9.0 ) 18.48| 22.64 26.14| 20.23| 3201 ) 34.58| 36.97] 39.21 41.33
9.5 19.16} 23.47) 27.10| 30.30{ 33.18) 35.85| 38.32| 40.65 42.85

10| 19.83 | 24.20( 28.04| 3L.35| 34.34| 37.10| 39.66 | 42.06 44.34

11 21,131 25.88 ) 20.88 | 33.41% 36.60| 230.53) 42,261 44.82 47.25

12| 22,39} 27.42] 31.67 | 3540 38.78| 41.89| 44.78 | 47.50 50.07

13| 23.62| 28.93| 33.40( 37.341 40.91{ 44.19}| 47.24 { 50.10 52.81

14| 24.81| 30.39 ] 35.09 39. 24| 42.98| 46.42| 49.63 | 52.64 55, 49

15| 25.98] 31.82( 36.75| 41.08| 45.00| 48.61| 51.97) 5512 58.10

18 | 27.13) 33.22| 38.36| 42.80| 46.98| 50.75( 54.25| 67.54 60, 65

17| 28.24| 34.50) 30.94| 44.60] 48.92] 52.84| 56.40) 59.01 63.16

18| 20.34 ( 35.94| 41.49| 46.39| 50.82; 54.89] 58.68) 62.24 65. 61

19} 30.42; 37.26] 43.02) 48.00) 52.60, 56.91] 60.84 ] 64.58 68,02

20 31.48] 38.55| 44.51| 49.77{ 54.52| 58.89| 62.95| 66.77 70.38
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Table 2.—Velocity of water, v, in feet per second, based on
Manning’s formula v=(1.486/n)r?3s12, mn=.011—Continued

8
\ 0055 | 0060 | .0085 | 0070 | .0075 | 0080 0085 | .0090 | .0095 | .0160
T

02| 3.43 3.58| 3.721 3.87) 4.00| 4.13| 4.26| 438 450 4.62
0.4] 54 5681 591 | 6.14| 6.35] 6.56| 6.76| 6.96| 7.15 7.33
0.6 7.13 7.44| 7.75] 8.04| 832| 8.60 88| 9.12| 9.37 9. 61
0.8 8.63 0.02] 9.39| 9.74]10.08)10.41 | 10.73 | 11.04 | 11.36 { 1L 64
1,0 ] 10.02| 10.46 | 10.89 | 11.30 } 11.70 | 12.08 | 12. 451 12.82113.17 | 13.51
2] 11.31| 11.8212.30 [ 12.76 | 13.21 | 13.64 | 14. 06]14.47]14.87| 1526
1.4 12.54] 18,10 13.63 | 14.14 | 14.64 | 15.12 15.59 | 16.04 | 16.48 | 16.91
1.6 13.71| 14.81 | 14.90 { 15.46 | 16.00 | 16.53 | 17. 04]17.53 118.01 | 18.48
1.8 | 14.82{ 15.48 | 16.12 | 16,72 | 17.31 } 17.88 | 18. 43| 18.96 | 19.48 | 19.99
20| 15.90] 16.61]17.20 | 17.04 [ 18.57 | 19.18 | 19. 77| 20.34 | 20.90 | 21.44
22| 16,95} 17.70 | 18.42]10.12 ] 19.79 | 20.44 ; 2L 071 21.68122.27| 22.85
2.4 17.96 | 18.76 | 19.52 | 20.26 | 20.97 | 21.66 | 22. 331229712360 24.22
2,61 18.94| 19.79 | 20.59 | 21.37 | 22.12 | 22.85 | 23. 551 24.23 1 24.90 | 25.54
2.8 10.90 ] 20.79 | 21.64 | 22.45 [ 23.24 } 24.00 24.74 ] 25.46 | 26.16 | 26.84
3.0 20.84] 21.77| 22.65( 23.51 | 24.34 | 25.13 | 25. 91| 26.66 | 27.39 | 28.10
3.2 | 2176 | 22.72]23.65| 24.54 | 25.41 | 26.24 27.05 | 27.83 | 28.59 [ 20.34
3.4 | 22.65| 23.66 | 24.63 [ 25.56 | 26.45 | 27.32 | 28. 161 28.98 1 29.77 | 30.55
$.6| 23.53| 24.58 | 25.58 | 26.55 | 27.48 | 28.38} 29. 26| 30.10 | 30.93 [ 31.73
3.8 24.40 | 25.48( 26.52 | 27.52 | 28.40 | 20.42 | 30. 33 131.21{3206] 32.90
4,0 25.25| 26.37|27.44 | 28.48 | 20.48 | 30.45 31.38 | 32.29 | 33.18 | 34.04
4.2 26.08| 27.24 ) 28.3529.42 1 30.45 | 31.45 32,42 | 33.36 | 34.28 | 35.17
4.4] 2600 28.10 | 20.24 | 30.35 | 31.41 1 32.44 ] 33, 44 | 34.41 | 35.36 | 36.27
4.6| 27.71| 28.9430.12 | 31.26 | 32.36 | 33.42} 34. 45| 35.45| 36.42 | 37.36
48| 28.51 | 20.78 | 30.99 [ 32.16 [ 33.29 | 34.38 ] 35. 44 | 36.47 | 37.47 | 38.44
5.0 20.20| 30.60 | 31.85 [ 33.05 | 34.21 | 35.33 36.42 | 37.47 | 38.50 | 30.50
5.2 30.07 | 31.41|32.69 | 33.921 35.11 } 36.27 1 37. 38 | 38.47 { 39.52 [ 40.56
5.4| 30,84 | 32.21|33.52(34.79 | 36.01 | 37.19 | 38 34| 30.45| 40.53 | 41.58
5.6 31.50 | 33.00|34.35] 35.64 | 36.89  38. 10 ] 39.28 | 40.41 | 41.52 | 42.60
5.8 | 32.3¢ | 33.78 | 35.16 [ 36.49 | 37.77 | 39.01 | 40. 21 | 41.37 | 42.50 { 43.61
6,0 33.087 34.55| 35.96 | 37.32 ) 38.63 | 36.90 41.12 | 42.32 ] 43.48 | 44.61
6.2 | 33.81| 35.32|36.76 | 38.14 | 39.48 | 40.78 42,03 | 43.25 | 44.44 | 45.50
6.4 | 3454 | 36.07|37.54138.96]40.33|41.65 42.93 [ 44.18 | 45.30 | 46.57
6.6 | 35.25 | 36.82|38.32|30.77 | 41.16 | 42.51 43.82 1 45.09 | 46.33 | 47.53
8.8 | 35.96| 37.56 | 39.09 | 40.57 | 41.99 | 43.37 44,70 | 46.00 | 47.26 | 48.49
7.0 | 36.661 38.29 | 30.85 | 41.36 | 42.81 | 44.22 | 45.58 46.90 | 48.18 | 49.43
7.5 | 38.30 | 40.09 | 41.73 | 43.31 | 44.83 | 46.30 [ 47. 72| 49.10 | 50.45 [ 51.76
8.0 | 40.07 | 41.86 | 43.57 | 45.21 | 46.80 | 48.33 | 49. 821 51.26 | 52.67 | 54.04
8.5 41.73 | 43.5845.36 | 47.07 | 48.73 | 50.32 [ 51. 87 | 53.38 | 54.84 | 56.27
9.0 | 43.35| 45.28 | 47.12|48.90 | 50.62 | 52.28 } 53. 80 | 55.45 | 56.97 [ 58.45
0.5 | 44.94| 46.94 | 48.85) 50.70 | 52.48 | 54.20 | 55.87 57.49 | 59.06 | 60.60
46.50| 48.57| 50.55 52.46| 54.30[ 56.08{ 57.811 50.49) 6L 12} 62.70

11| 49.55|. 51.76] 53.87| 55.90| 57.87, 59.76| 61.60| 63.39) 65. 13| 66.82
12| s2.51] 54.85 57.00| 59.24| 61.32| 63.33] 65.28) 67.17 69.01| 70.81
13| s5.30| 57.85 €0.22| 62.49| 64.68| 66.80 63.86( 70.86| 72.80 74.69
14| s8.20] 60.78 63.27] 65.65 67.96 70.19] 72.35 74.44 76.48 78.47
15| 60-04] 63.64] 66.24| 68.74] 71.16| 73.49 75.75 77.95 80. 08| 82.17
16| 63.61] 6644 60.16] 71.77] 74.29| 76.72} 79.08| 81.38| 83.61 85.78
17 66.24] 69.18] 72.01| 74.73| 77.35 79.80) 82.34) 84 73| 87.05) 89.32
18| 6s8.81] 71.87] 74.81] 77.63| 80.35 82.99 85.54 88.02 00.43 02.78
191 71.34] 7451 77.55 80.48] 83.30] 86.03] 88.68; 91.25) 93.75 96.19
20| 73.821 77.10 80.251 83.28 86.20{ 89.03( 01.77| 94.43 97.02| 99.54
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Table 2.—Velocity of water, v, in feel per second, based on
Manning’s formula v=/1.486/n)r2/3s172,

n=.,011—Continued

8
\ o1 £42 63 o4 H5 48 0 o8 » 40
4
0.2{ 4.62 6.53| 800 9.2410.33 | 11.32 | 1222 | 13.07 | 13.86 | 14.61
0.4 7.331 10.37 1270 | 14.67 | 16.401 17.96 | 1940 | 20.74 | 22.00 | 23.19
0.8 9.61] 13.50|16.65( 10.22 | 21.49 | 23.54 | 25.43 | 27.18 | 28.83 | 30.39
0.8 11.64 | 16.46 | 20.16 | 23.28 | 26.03 | 28.52 | 30.80 | 32.93 | 34.93 | 36.81
1,0 13.51| 19.10 23.40 27.02 1 30,21 | 33.09 | 35.74 | 38.21 | 40.53 | 42.72
1L.2] 1526 21.57126.42130.51 | 34,11 137.37 1 40.36 1 43.15 ] 45.77 | 48.24
141 16,91 | 23.91}29.28133.81 | 37.80 [ 41.41 [ 44.73 | 47.82 [ 50.72 | 53.46
1,6[ 18.48( 26.13(32.01136.06 [ 41.32 | 45.27 | 48.89 | 52.27 | 55.44 | 58.44
L8| 19.99| 2827 34.62{39.98 | 44.70 | 48.96 [ 52.89 | 56.54 1 69.97 | 63.21
20| 2144 30.33]37.14 | 42.80 | 47.95 | 52.53 | 56.74 | 60.65 | 64.33 | 67.81
2.2 22.85| 32.32{39.58{ 45.70 [ 51.10 | 55.97 [ 60.46 | 64.63 | 68.55 | 72.26
24| 24221 34.25]141.94| 48.43 | 54.15 | 59.32 | 64.07 | 68.49 | 72.65 | 76.58
2.8) 25.54 | 36.12 | 44.24 | 51.00 | 57.12 | 62.57 | 67.58 | 72.25 | 76.63 | 80.77
28] 26,84 37.95( 46.48 [ 53.67 | 60.01 | 65.74 | 71.00 | 75.91 | 80.51 | 84.87
8.0 2810 39.74 | 48.67 | 56.20 | 62.83 { 68.83 | 74.35 | 79.48 | 84.30 | 883.86
3.2 20.3¢4) 41.49 1 50.81 | 58.67 | 65.60 | 71.86 | 77.61 | 82.97 | 88.01 | 92.77
8.4 30.56| 43.20| 52.91 | 61.00 | 68.30 | 74.82 | 80.82 | 86.40 | 91.64 | 06.59
3.6} 31.73) 44.88 | 54.96| 63.46 | 70.95 | 77.73 | 83.95 } 89.75 { 95.20 | 100,34
3.8 32.90| 46.52 56.98 | 65.79 | 73.56 | 80.58 | 87.04 | 93.05 | 98.69 | 104.03
40| 3404 ) 4814 58.96 | 68.08 | 76.12 | 83.38 | 90.06 | 96.28 [102.12 | 107.65
4,2 3517 49.73 | 60.91 | 70.33 | 78.63 | 86.14 | 93.04 | 99.47 [105.50 | 111.21
4,4 36.27| 51.30 62.83 | 72.55 | 81,11 | 88,85 | 95.97 [102.60 |108.82 | 114,71
4,6 37.36 | 52.84)64.72| 74.73 | 83.55 | 91.53 | 08.86 (105.68 {112.09 | 118.16
4.8} 38 54.36 | 66.58 | 76.88 | 85,96 | 94.16 |10L. 70 |108.73 |115.32 | 121. 56
5.0 39.501 55.86 | 68.42 | 79.00 | 88.33 { 96.76 |104. 51 |111.73 |118. 50 { 124.91
5.2 40.55| 57.34170.23 | 81.09 | 90.67 | 99.32 [107. 28 |114. 69 |121.64 | 128.22
5.4 | 4158 58 72.02 | 83.16 | 92.98 [101.85 [110.01 [117.61 |124.74 | 131.49
5.8) 42.60 | 60.25 ) 73.79 | 85.20 | 95.26 |104. 35 |112.71 |120.49 127,80 | 134.72
5.8 43.61| 61.67 [ 75.53 | 87.22 [ 97.51 |106. 82 |115. 38 1123. 35 |130.83 | 137.90
6.0 44,61} 63.08 | 77.26 | 89.21 | 99.74 |109, 26 |118.02 |126. 16 |133.82 | 141.06
6.2 4550 64.48 | 78.97 | 91 18 |101. 95 {111. 68 {120. 62 [128.95 |136.78 | 144.17
6.4 | 46.57| 65.86 | 80.66 | 93.13 |104. 13 |114.07 |123. 21 |131. 71 |139.70 | 147.26
6.8 47.53 | 67.22 | 82,33 | 95.06 [106.29 |116. 43 1125. 76 |134. 44 [142.60 | 150.31
6.8 48.40| 68.57 | 83.98 | 96.98 |108. 42 |118. 77 |128. 20 {137.14 {145.46 | 153.33
9.0 49.43 1 ©60.91 | 85.62 | 98.87 |110. 54 |121.09 |130.79 |130.82 |148.30 | 156.32
3.6 51.76 | 73.20 | 89.65 1103. 52 |115. 74 1126. 79 |136. 95 |146. 40 {155.28 | 163. 68
8.0 | 54.041 76.42 | 93.59 [108.07 {120.83 {132.36 {142.97 |152.84 |162. 11 | 170.88
8.5 ) 56.27 [ 79.57 | 97.45 |112.53 |125. 81 |137, 82 [148.86 (150. 14 [168.80 | 177.93
9.0 | 58.45 | 82.66 [101.24 {116.90 [130. 70 [143. 17 {154. 65 [165.32 {175.35 | 184.84
9.5| 60.60 | 85.70 |104.95 [121.19 |135. 50 |148. 43 ]160. 32 ]171.39 {181.79 | 191.62
10 ] 62.70| 88.68) 108.61) 125.41 140.21) 153. 59| 165 90| 177.35| 188.11; 198,20
11| 66.82] 94.49| 115.73] 133.63| 140.41] 163.67| 176. 78] 188. 99 200. 45| 211. 29
12| 70.8Y 100.14) 122.64] 141.62] 158.33f 173,44} 187. 34} 200. 27| 212.42j 223.91
13| 74.69| 105.63| 129.36| 149.38; 167.01] 182. 95 197. 61| 211. 25 224. 07| 236. 19
14| 78.47) 110.98] 135.92! 156.94] 175.47| 192. 21 207. 62| 221. 95 235.41| 248,15
15 82.17] 116.20| 142.31] 164, 33| 183.73| 201. 26| 217. 39| 232. 40} 246. 50| 259. 83
16 | 85.78] 121.31j 148. 57| 171.56) 191. 80} 210. 11} 226.95] 242. 62] 257. 33; 271. 25
17 | 89.32) 126.31 154.70} 178. 63| 199. 71| 218. 78] 236. 31| 252. 62{ 267. 95! 282,
181 92.78) 131,221 160.71) 185. 57) 207.47| 227.27] 245.48) 262.431 278. 35 203,41
19| 96.19( 136.03( 166.61) 192. 38 215.09( 235.62 254.49| 272.07| 288. 57) 304.18
20| 9. 140. 76| 172.40] 199.07| 222. 57| 243. 81| 263. 35] 281. 53] 298.61| 314.76
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in feet per second, based on
, n=.012

(1.486/n)r*/3s12

Table 3.—Velocity of waler, v,
Manning’s formula v
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Table 3.—Velocity of water
Manning's formula v=
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, ¥, in feet per second, based on
(1.486/n)r25s12, n=.012—Continued

8

\ 00055 | .00060 | .00085 | 00070 | .00075 | .00080 | .00085 00090 .00095 | ,00100
r

0.2 0.99 1041 108! 112 1167 1.20{ 1.23| L27! 1.31 1.34
0.4 158 165| L71| 178 1.84| 190| 1.96| 202 2.07 2.13
0.6 207 2.16| 2251 233 2.41| 2.49( 257 264] 272 2.79
0.8 250 2611 272 2.82 292 3.02) 3.11| 3.20| 3.20 3.37
Lo 29 3.031 316 3.28| 339 3.50| 361 3.72] 3. 82 3.92
12| 3.28 3.43| 3.57| 370 3.83| 3.96| 408 42| 431 4.42
L4! 363 3.801 3.95 | 4.10 | 4.24 | 4.38| 452 4.65| 478 4.90
L6| 397 4.15| 432 4.481 4641 4.79| 4.94| 5.08[ 522 5.36
L8| 430 449| 4.67| 4.85| 5.02| 5.18| 534| 550| 565 5.79
20| 4.61 4.82] 501 520 538) 55| 5.73| 59| 6.06 6.22
22 491 5.13| b5.34| 5.54| 574 592 6.11| 6.28 | 6. 46 6. 62
L4 521 5.44 | 566) 5.87| 6,08 6.28| 6.47| 6.66) 6. 84 7.02
26| 549 6.74| 597 610 6.41| 6.62] 6.83| 7.02[ 7.22 7.40
2.8} 8577 6.03| 6.27/ 651 6.74{ 6.96| 7.17| 7.38| 7.58 7.78
3.0 6.04 6.31| 6.57| 6.82| 7.05) 7.29| 7.51] 7.73| 7.04 8.15
3.2 6.31 6.50 | 6.86( 7.11( 7.36( 7.61] 7.84| 8.07| 829 8. 50
3.4 6.57 6.861 7.14| 7.41| 7.67( 7.92| 8.16| 8.40| 8 63 8.85
3.6/ 6.82 7121 7.427 7.701 7.97| 8.23| 848 873| 897 9.20
381 7.07 7.39| 7.69| 7.98| 8.26| 8.53) 879| 9.05 9.29 9. 54
40| 7.32 7.64) 7961 826( 855| 883| 9.10| 9.36] 9.62 9.87
42| 7.5 7.90| 8.22| 853( 88| 0121 9.40| 0.67 9. 94 10.19
441 7.80 814 848| 880) 9.11| 9.40| 960 908 10.25 10. 51
46| 803 8.30| 873 9.06( 9.38| 9.69 9.99| 10.28 { 10,58 10.83
48] 826 8.63 ) 8.98| 9.32| 9.65| 9.97( 10.27 | 10.57 | 10,86 1114
6.0/ 849 8871 9.23| 9.58( 0.92 10.24 | 10.56 | 10.86 | 11.16 | 11.45
5.2 872 9.10 [ 9.48 1 9.8310.18 | 10.51 | 10.84 | 11.15 | 11.46 1.75
5.4 894 9.34| 9.7210.0810.44 | 10.78 | 11.11 | 11.43 | 11.75 12,05
5.6 9.16 9.57 | 9.96 | 10.33 [ 10.69  11.05 | 11.39 | 11.72 | 12,04 12.35
5.8( 9.37 9.79 1 10.19 { 10.58 { 10.95 | 11.31 | 11.65 | 11.99 | 12,32 12.64
6.0 9.5 10.0210.42]10.82 11.20 | 11.57 | 11.92 12.27 1 12.60 } 12.93
6.2 | 9.80| 10.24)10.66 | 11.06 | 11.45 | 11.82 ] 12,18 | 12, 5411288 | 13.22
6.4 1 10.011 10.46( 10.88 | 11.29 | 11.69 | 12,07 12.45(12.81 | 13.16 | 13.50
6.6 | 10.22| 10.67 | 11.11 | 11.53 | 11.03 | 12,32 | 12 701 13.07113.43 | 13.78
6.81 10.42| 10.89 | 11.33  11.76 | 12.17 | 12.57 | 12.96 | 13. 33| 13.70 | 14.08
7.0 10.63 | 11.10) 11.55 | 11.99 | 12.41 | 12.82 } 13.21 | 13. 50113.97( 14.33
.5 1L13] 11.62(12.10 | 12.55{ 12.99 { 13.42 | 13.83 | 14. 23 14.62 | 15.00
80| 11.621 12.13]|12.63 | 13.11 | 13.57 | 14.01 | 14 44 | 14 85 15.27 | 15.66
8.5 | 1210 | 12.63 | 13.15 | 13.65 | 14.12 | 14.50 | 15.04 | 15. 47 | 15,90 ( 16.31
9.0 12.57| 13.12| 13.66 | 14.18 | 14.67 | 15.15 | 15. 62]16.07 | 16.51 | 16.94
9.5| 13.03| 13.61]14.16 | 14.70 | 15.21 | 15.71 | 16,19 16.66 | 17.12 | 17.57
10 | 13.48| 14.08 | 14.65 | 15.21 | 15.74 | 16.26 | 16.76 | 17. 24 17.72] 18.18
11 14.36 | 15.00] 15.62 [ 16.20 [ 16.77 | 17.32 | 17.86 | 1837 18.88 | 19.37
12| 15,221 1590 ) 16.55 | 17.17 | 17.78 | 18.36 | 18.02 | 1947 | 20.01 20, 53
18 16.06 | 16.77 | 17.46 | 18.11 ; 18.75 | 19.36 | 19.96 | 20.564 | 21. 10 21. 65
14| 16.87 | 17.62 ) 18.34 | 19.03 | 19.70 | 20.35 | 20.97 | 21.58 | 2217 22.75
15| 17.66| 18.45)19.20 | 19.93 | 20.63 | 21.30 | 21.96 | 22.60 23.21 | 23.82
16 | 18.44 1 19.26 | 20.05 .80 | 21.53 | 22.24 | 22.02 | 23.59 | 24.24 | 24,88
17| 19.20| 20.05| 20.87 | 21.66 | 22.42 | 23.16 | 23.87 | 24.56 | 25 23 25, 89
18| 19.95| 20.83 | 21.68 | 22.50 | 23.20 | 24.06 | 24.80 | 25. 52 26.21 ) 26.90
19| 20.68 | 21.60 | 22.48 | 23.33 | 24.15 | 24.94 | 25.71 | 28,45 27.18 | 27.88
20| 21.40] 2235 23.26 | 24.14 | 24.99 | 25.81 | 26.60 | 27. 3712812 28.85
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Table 3.—Velocily of water, v,
Manning's formula v=(1.486/n)r23s!2,
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in feet per second, based on
n=.012—Continued

8
\ 0010 | L0015 | .0020 | .0025 | .0030 | .0035 | .0040 | .0045 0050
r

0.2 1.34 1.64 1.89 2.12 2.32 2.51 2.68 2.84 2.99
9.4 2.13 2.60 3.01 3.36 3.68 3.98 4,25 4.51 4.75
8.8 2.79 3.41 3.¢4 4.40 4,83 5.21 5. 57 5.91 6.23
0.8 3.37 4.13 4.7T1 5.34 5.85 6.31 6.75 7.18 7.55
Lo 3.02 4.80 5.54 6.19 6.78 7.33 7.83 8.31 8.76
1.2 4.42 5.42 6. 256 6.99 7.66 8.27 8.84 9.38 9.89
L4 4.90 6.00 6.93 7.75 8.49 9.17 9.80 | 10.40 10.96
1.6 5.36 6. 56 7.58 8.47 9.28] 10.02| 10.71 | 11.36 11.98
1.8 5.79 7.10 8.19 9.16 | 10.04 | 10.84 | 11.59 | 12.29 12.96
2.0 6.22 7.61 8.79 9.83 | 10.77{ 11.63! 12,43 13.19 13.90
2.2 6.62 8.11 9.371 10.47 | 11.471 12.39| 13.25) 14.05 14,81
2.4 7.02 8.60 9.03( 1110 12.16 | 13.13| 14.04 | 14.89 15.70
2.6 7.40 9.07| 10.47| 1171} 12.82| 13.85] 14.81} 15.71 16. 56
2.8 7.78 9.53| 11.00| 12.30] 13.47 | 14.55| 15.56 | 16.50 17.40
3.0 8.15 9.98| 11.52| 12.88| 14.11] 15.24 | 16.20 | 17.28 18.21
3.2 8.50 | 10.41| 12.03| 13.45| 14.73| 15.91) 17.01| 18.04 19.01
3.4 8.85 | 10.84 | 12.52] 14.00| 15.34] 16.56 [ 17.71} 18.78 19.80
3.6 9.20| 11,27 13.01] 14.54) 15.93| 17.21| 18.40 | 10.51 20.57
3.8 9.54 | 11.68| 13.49| 15.08| 16.52] 17.84 | 19.07 ; 20.23 21.32
4.0 9.871 12.00| 13.95| 15.60| 17.091 18.46| 19.74 | 20.93 22.06
42| 1019 1248 | 14.42| 16.12| 17.66| 19.07 | 20.39; 21.62 22.79
44| 1050 ] 12,88 14.87| 16.63| 18.21] 10.67) 21.03 22.31 23. 51
46| 1083 13.27| 1532 17.13| 18.76 1 20.26 | 21.66 22.98 24,22
48| 1114 13.65| 15.76| 17.62| 19.30| 20.85| 22.20 | 23.64 24.92
5.0 11451 14.02| 16.19| 18.10( 19.83| 21.42| 22.90 | 24. 29 25. 60
5.2 11.75] 14.40| 16.62] 18.58 | 20.36| 21.99| 23.51 | 24. 93 26.28
5.4 | 12.05) 14.76] 17.05 | 19.06 | 20.88| 22.55| 24.11 | 25. 57 26. 95
5.6 12.35| 15.12| 17.46} 19.53 | 21.39| 23.10| 24.70| 26.20 27.61
58| 1264 1548 17.88| 19.99 | 21.90| 23.65 25.28 | 26.82 28.27
6.0 12,03} 15.84| 18.20| 20.44| 22.40] 24.19| 25861 27. 43 28.91
6.2 13.22] 16.19) 18.60| 20.90 | 22.80| 24.72| 26.43 | 28.04 29. 55
64| 13.50| 16.53| 19.09| 21.34 | 23.38| 25.25| 27.00| 28.63 30.18
6.6| 13.78| 16.88) 19.401 21.79| 23.86| 25.78 | 27.56 29.23 30.81
6.8 14.06| 17.21| 19.88 | 22.22| 24.3¢| 26.30] 28.11] 20. 82 31.43
70| 14.33( 17.551 20.27| 22.66| 24.82| 26.81| 28.66 30.40 32.04
v5| 15.00] 18.38| 2122 23.721 25.99| 28.07 | 30.01 31.83 33.56
80| 15.66| 19.18| 22.15| 24.77| 27.13| 29.30 31.33 | 33.23 35.03
8.5| 1631 19.98| 23.07] 25.79| 28.25} 30.51 | 32.62| 34.60 36. 47
0.9 16,94 | 20.75| 23.96} 26.79| 29.35| 3L.70 | 33.89| 35.04 37.89
9.5 | 17.57| 2151 24.84) 27.77| 30.42| 32.86) 3513 37. 26 39,28
o] 18,18} 22.26| 25.71| 28.74 | 31.48| 34.00| 36.35| 38.56 40.64
111 19.37| 23.72) 27.39| 30.62| 33.55| 36.24 | 38.74) 4109 43.31
12 20.53] 25.14 ) 20.03 | 32.45| 35.55| 38.40| 41.05 43. 54 46,90
181 21.65] 26.52] 30.62| 34.23| 37.50} 40.50 | 43.30] 45.93 48.41
14] 22.75) 2r.86| 32.17| 35.97| 39.40) 42.56| 45.49 48.25 50. 86
15] 23.82) 20.17] 33.68 ) 37.66| 41.25| 44.56| 47.64| 50. 52 53.26
16| 24.88| 30.45| 35.16] 39.31 | 43.07} 46.52| 49.73 | 52. 75 56. 60
17| 25800 31.71| 36.61| 40.94| 44.84| 48.44( 5178 54.92 57.89
18] 26.90| 32.94| 38 42.53 | 46.50 | 50.32| 53.79§ 87.05 60.14
19| 27.88| 34.15| 39.43 | 44.09 | 48.20) 52.16} &5 77| B9.15 62.356
20| 28.85| 35.34| 40.80] 45.62| 40.97| 53.98 57.71 1 61.21 64, 52
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Table 3.—Velocity of waler, v, in feet per second, based on
Manning’s formula v=(1.486/n)r?3s12, mn=.012—Continued

8
\ 0055 | .0060 | .0085 | 0070 | .0075 | 0080 | 0085 | .0090 | .0095 | .6106
r .
0.2 314 3.28| 3.41| 3.64| 3.67| 3.79| 3.90| 4.02) 4.13 4.2
0.4 4.99 521 542 562 582 601 | 6.20| 6.38| 6.55 6.72
0.6 653 6.82( 7.10| 7.37} 7.63| 7.88| 8.12| 8.36| 8.59 8.81
0.8! 7.91 827 | 860 893( 9.24} 9.54 | 9.8410.12 | 10.40 | 10.67
Lol 918 9.59| 0.98110.3610.72(11.08 | 11.42 [ 11.75 [ 12.07{ 12.38
121 10.37 10.83 [ 11.27 | 11.70 | 12,11 | 12.51 | 12,89 { 13.27 ; 13.63 | 13.98
1,41 11491 12.00{ 12,49 | 12,97 { 13.42 | 13.86 | 14.29 | 14,70 | 15,10 { 15.50
L6| 12561 13.12!13.66 ) 14.17 | 14.67 | 15,15 | 15.62 | 16.07 | 16.51 | 16.94
1.8 1359 | 1418114771 1533 | 15,87 1 16,30 { 16.89 | 17.38 { 17.86 | 18.32
2.0) 14.58 | 1523 ] 15.85) 16,451 17.02 | 17.58 | 18.12 { 18.65 | 19.16 | 10.66
2.2 1553 16.23 | 16.89 | 17.53 | 18.14 | 18.74 | 19.31 | 19.87 | 20.42 | 20.98
2.4 16.46| 17.19)17.90 | 18.57 } 19.22 | 10.85 | 20.47 | 21.06 | 21.64 | 22.20
2.6 17.36 } 18.14} 18.88 | 19.59 .28 120.94 { 21.59 | 22,21 { 22,82 | 23.41
2.8} 18.24| 19.06| 19.83 .58 ] 21.30 | 22.00 | 22.68 | 23.34 | 23.98 | 24.60
3.0 1910 19.95120.77 | 21.55 | 22.31 | 23.04 | 23.75} 24.44 | 25.11 | 25.76
3.2 19.94) 20.83 | 21.68 | 22.50 | 23.29 | 24.05 | 24.79 | 25.51 ( 26.21 | 26.89
8.4 20.77| 21.69 2257 23.43|24.25) 25.04 | 25.81 | 26.56 | 27.29 | 28.00
8.6 ( 21.57 1 22,53 23.45( 24.34| 25,19 | 26.02 | 26.82 ] 27.59 { 28.35 | 29.08
3.8 2236 23.36 | 24.31 .23 | 26.12 ) 26.97 | 27.80 [ 28.61 | 29.39 | 30.16
4,0 | 23.14| 24.17 1 25.16 | 26.11 [ 27.02 | 27.91 | 28.77 | 29.60 | 30.41 | 31.20
4.2 23.01| 249725991 2697 27,92 28.83 | 20.72)30.58 { 31.42| 32.24
4.4) 24.66| 2576 | 26.81 | 27.82 | 28.80 | 29.74 | 30.66 | 31.54 | 32.41 | 33.25
4.6 25401 26.53 | 27.61 | 28.66 | 20.66 | 30.64 | 31.58 | 32,40 { 33.38 | 34.25
4.8 26.13 | 27.29 | 28.41 | 20.48 | 30.52  31.52 | 32.40 | 33.43 | 34.34 | 35.24
5.0 26.85] 28.05/ 29.19 | 30.29 | 31.36 | 32.39 | 33.38 | 34.35 ] 35.29 | 36.21
5.2 27.56| 28.79129.97]31.10]32.19) 33,24 | 34.27 1 35.26 | 36.23 ) 37.17
5.4 | 28.27| 29.52)30.73 | 31.89 {1 33.01 | 34.09 | 35.14 | 36.16 | 37.15 | 38,12
5.8 28.96 | 30.25 | 31.48 [ 32.67 | 33.82 | 34.03 | 36.00 | 37.05 | 38.06 | 39.05
5.8 | 20.65| 30.96 | 32.23 | 33.45 | 34.62 | 35.75 | 36.86 | 37.92 | 38.96 | 39.
6.0 [ 30.32| 31.67 | 32.97 | 34.21 | 35.41 | 36.57 | 37.70 | 38.79 | 39.85 [ 40.89
6.2 | 30.99) 32.37 | 33.69 | 34.97 | 36.19 | 37.38 | 38.53 | 39.65 | 40.73 | 41.79
6.4 31.66 | 33.06 | 34.41 | 35.71 { 36.97 | 38.18 | 30.36 [ 40.50 | 41.61 [ 42.69
6.6 | 32.31 | 33.75| 35.13 | 36.45 | 37.73 | 38.97 | 40.17 | 41.34 | 42.47 | 43.57
6.8 3296 34.43 ( 35.83 | 37.19 { 38.49 | 39.75 | 40.98 | 42.17 | 43.32 { 44.45
.01 33.61| 35.10(36.53137.01130.24140.53|41.7814209| 44.17 | 4531
7.5 3519 | 36.75! 38.25 | 39.70 | 41.00 | 42.44 | 43.74 | 45.01 | 46.25 | 47.45
8.0 36.73 [ 38.3730.04  41.44 | 42.90 | 44.30 | 45.67 | 46.00 | 48.28 | 40.53
8.5 | 38.25| 39.95| 41.58 | 43.15 | 44.67 | 46.13 1 47.55 | 48.93 | 50.27 | 51.58
9.0 | 39.74 ) 41.50) 43.20 | 44.83 | 46.40 | 47.92 | 40.40 | 50.83 | 52.22 | 53.58
9.5 41,19 ) 43.03 ) 44.78 ) 46.47 | 48.10 ) 40.68 ) 51.21 ) 52.70 ) 54.14 ) 55,55
10 | 42.63] 44.52) 46.34 48.09| 49.78| 51.41| 52.99( 54.53 56.02| 57.48
11| 45.42) 47.44| 40.38) 51.24] 53. 54,78/ 56.47] 58.11) 59.70| 6l.25
12 | 48.14] 50.28; 52.33] 54.31; 56.21| 58.05 50.84] 61.58/ 63. 64. 91
13| 50.77} 63.03] 55.20] 57.28] 59.29] 61.24| 63.12| 64.95] 66.73( 68.48
14 | 53.35! 55.72( 57.99] 60.18] 62.30[ 64.34; 66.32| 68.24[ 70.11] 71.93
151 55.86; 58.34/ 60.72] 63.02| 65.23| 67.37| 69.44 71.45( 73.41 75.32
16| 58.31( 60.91) 63.39] 65.79] 68.09] 70.33 72.49| 74.50' 76.64] 78 63
17 60.72| 63.42( 66.01| 68.50| 70.90| 73.23| 75.48| 77.67 79.80 81.87
18| 63.08] 65.88] 68.57 71.16] 73.66) 76.07] 78.41 80.60| 82.90| 85.05
19| 65.39] 68.300 71.09f 73.77| 76.36| 78.87| 81.20( 83.65| B85.04) 88,17
%0 ) 67.67] 70.68 73.56] 76.34] 70.02) 81.61] 84.12) 86.56] 88.93) 91.24
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Table 8.—Velocity of water, v, in feet per second, based on
Manning's formula v=(1.486/n)r?3s12, m=.012—Continued

8
\ J£1 02 03 04 05 08 07 08 09 40
r

0,2 424 599 7.34| 8.47( 9.47]10.37 11.20 | 11.98 | 12.71 | 13.39
0.4 672 9.51 | 11.64 | 13.45 | 15.03 | 16.47 | 17.79 | 19.01 | 20.17 | 21.26
0.6 | 881| 12.46| 15.26 | 17.62 | 19.70 | 21.58 | 23.31 | 24.92 | 26.43 | 27.86
0.8 | 10.67 | 15.09| 18.48 | 21.34 | 23.86 | 26.14 [ 28.23 | 30.18 | 32.01 | 33.75
1,0| 12.38| 17.51 | 21.45 | 24.77 | 27.69 | 30.33 | 32.76 | 35.03 | 87.15 [ 30.16
1.2] 13.98 | 19.78 | 24.22 | 27.97 | 31.27 | 34.25| 37.00 | 39.55 | 41.95 | 44.22
1.4 1550 | 21.92|26.84 | 30.99 | 34.65 | 37.96 | 41.00 | 43.83 | 46.49 § 49.01
1.6 | 16.94 | 23.96|29.34 | 33.88 ] 37.88 | 41.49 | 44.82 | 47.91 | 50.82 | 53.57
1.8 | 18.32| 25.91|31.74 [ 36.65 | 40.97 | 44.88 | 48.48 | 51.83 | 54.97 [ 57.95
2.0] 19.66| 27.80( 34.05( 39.31 | 43.96 | 48.15 | 52.01 | 55.60 | 58.97 | 62.16
22| 20.05| 29.62136.28 | 41.89 | 46.84 | 51.31 | 55.42 | 59.25 | 62.84 | 66.24
2.4 22.20 | 31.39|38.45| 44.40 | 49.64 | 54.37 | 58.73 [ 62.79 | 66.59 { 70.20
2.6 23.41 | 33.11 | 40.56 | 46.83 | 52.36 [ 57.35| 61.95 | 66.23 | 70.24 | 74.04
2.8 | 2460 | 34,79} 42.61]49.20{ 55.01 | 60.26 | 65.09 | 69.58 | 73.80 | 77.79
8.0 2576 | 36.43 | 44.61 | 51.52 | 57.60 | 63.00 | 68.15 | 72.86 | 77.28 [ 81.46
3.2 | 26.89 | 38.03 | 46.58 | 53.78 | 60.13 | 65.87 [ 71.15 | 76.06 | 80.67 | 85.04
8.4 | 28.00| 39.60( 48.50 | 56.00 | 62.61 } 68.59 | 74.08 | 79.20 { 84.00 | 88.54
3.6 20.09| 41.141 50.38 | 58.17 | 65.04 | 71.25 | 76.96 | 82.27 | 87.26 | 91.98
8.8! 30.16| 42.65| 52.23 | 60.31 ] 67.43 | 73.86 | 79.78 | 85.20 | 90.47 | 95.36
4.0 | 3120 44.13 | 54.05 | 62.41 | 69.77 | 76.43 | 82.56 | 88.26 | 93.61 | 98.68
4.2 32.24| 4559 55.83 | 64.47 | 72.08 | 78.96 | 85.20 | 91.18 | 96.71 | 101.94
4.4] 3325 47.02( 57.59 | 66.50 | 74.35 | 81.45 | 87.97 | 94.05 | 99.75 | 105,15
4.6 34.25| 48.44( 59.32| 68.50 | 76.59 [ 83.90 [ 90.62 | 96.88 |102.75 | 108.31
4.8 | 35.24 | 49.83 | 61.03 | 70.47 | 78.79 | 86.31 [ 93.23 | 99.67 |105.71 | 111.43
5.0 36.21| 51.21 | 62.72 | 72.42 | 80.97 | 88.69 | 95.80 |102.41 1108.63 | 114. 50
5.2 | 37.17| 52.56 | 64.38 | 74.34 | 83.11 | 9L.04 | 98.34 (105.13 |111. 51 | 117.54
5.4 3812 53.90( 66.02 [ 76.23 | 85.23 | 93.36 {100.84 |107.81 |{114.35 | 120.53
5.6 1 39.05| 55.23 ]| 67.64 | 78.10 { 87.32 | 95.65 |103. 32 {110.45 {117.15 | 123.49
5.8 | 30.98 | 56.53169.24 | 79.95 | 89.39 | 97.92 |105.76 |113.07 [119.93 | 126.41
6.0 | 40.89 | 57.83 | 70.82 | 81.78 | 91.43 [100. 16 |108. 18 |115. 65 [122.67 | 129.30
6.2 ] 41.79 | 59.10 | 72.39 | 83.59 | 93.45 1102 37 |110. 57 |118. 21 |125. 38 | 132.16
6.4 | 42.69 | 60.37 | 73.94 | 85.37 | 95.45 1104. 56 {112.94 1120. 74 |128.06 | 134.99
8.6 | 43.57 | 61.62 1 75.47 | 87.14 | 97.43 [106.73 |115. 28 (123.24 [130.71 [ 137.78
6.8 | 44.45| 62.86| 76.98 | 88.89 { 99. 39 {108.87 {117.60 |125.72 1133.34 | 140.55
7.0 | 45.311 64.08 | 78.40 | 90.63 |101. 33 |111. 00 |119.89 [128.17 |135.94 | 143.30
7.5 | 47.45| 67.10 | 82.18 | 94.89 |106.10 |116. 22 (125, 53 |134. 20 |142. 34 | 150. 04
8.0 | 40.53 | 70.05 | 85.79 | 99.07 |110.76 [121.33 |131. 05 |140. 10 |148.60 | 156.64
8.5 | 51581 72.94 | 89.33 |103.15 |115.33 |126. 34 {136. 46 |145.88 |154.73 | 163.10
9.0 | 53.58 ] 75.77 | 92.80 {107.16 [119.81 [131. 24 [141.76 {151. 55 1160.74 | 169.43
9.5 | 55.55| 78.55 | 96.21 |111.09 |124. 20 [136. 06 |146.96 1157. 11 |166.64 | 175.65

10 | 57.48] 81.29] 99.56| 114.96] 128.53( 140.79] 152.07| 162. 57| 172.44] 18176

11| 61,250 86.62 106.09] 122.50] 136.96] 150.03| 162. 05| 173. 24| 183. 75 193.60

121 64.91 91.79| 112.42| 129.81] 145. 14! 158.99( 171,73} 183.58( 104. 72| 205.25

13] 68.48] 96.82| 118.58] 136.93| 153.09( 167.70{ 181. 14| 193.65 205. 39| 216. 50

14 | 71.93] 101.73] 124. 59| 143.86] 160. 85| 176. 20| 190. 31| 203. 45( 215.80] 227. 47

15 | 75.32 106.52| 130.45( 150. 64| 168.42( 184.49| 199.27| 213.03| 225. 95| 238, 18

16 | 78.63] 111 20| 136.19] 157. 26| 17582} 192.60| 208.03| 222. 40| 235.809| 248. 65

171 81.87| 115.78| 141.81] 163. 74! 183,07 200.55| 216. 61} 231. 57| 245. 62 258.90

18 | 85.05! 120.28| 147.31( 170. 10| 190.18( 208. 33! 225. 03| 240. 56( 255. 16 268. 96

19 ] 88.17| 124.70| 152.72} 176.35] 197.16| 215.98( 233, 29| 249. 39| 264. 52 278.83

20 | 91.24] 129.03| 158.03| 182.48| 204.02| 223.49] 241.40] 258.07{ 273.72| 288.53
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Table 4.—Velocity of water, v,
Manning’s formula v={1.486/n)r?/s'7,

in feet per second, based on
n=.013—Continued

s
\ 00055 | 00060 | 00065 | .00070 | .00075 | 00080 | .00085 | 00090 00095 | .00100
T

0.2 0.92 0.96| 100! 103} to7| L1l L14] 117} 120 124
0.4| 146 1.524 1.58| 1.64] 170} L76| L8l| 1.86) L91 1.96
0.6 LS1 1.99| 207 215 2.23| 2.30| 237} 244} 2.51 2,57
0.8| 231 2.41| 251 2.61] 2.70| 2.79| 2.87| 2.96) 3.04 3.12
Lo| 268 2.80| 291 3.02| 3.13| 3.23) 3.33| 343} 3.52 3.61
121 3.03 3.16| 3.29| 3.42} 3.547 3.65| 3.76( 8.87( 3.98 4,08
1.4) 3.35 3.50| 3.65| 3.78| 3.92| 4.05( 417| 4.20} 4.41 4,52
16| 3.67 3.83| 3.99| 4.14| 4.28| 4.42| 4.56| 4.60| 4.82 4.94
1.8 3.97 4.14) 431 448! 4.63| 4.78( 493| 507} 521 5.35
2.0 4.26 444 4.63| 4.8 | 497| 513 520} 544) 559 5.74
22| 4.5 474 4.93| 512| 5.30| 5.47| 5.64| 580 | 596 6.11
2.4| 481 5.02| 5.22| 5.42| 561] 5.80| 597 | 615} 6.32 6.48
2.6 507 5.20| 551 572| 592 6.11| 6.30( 6.48| 6.68 6.83
2.8] 533 5.56| 5791 6.01| 6.22| 6.42| 6.62| 6.81| 7.00 7.18
3.0| 558 582 606} 629 6561 6.73| 693 7.13} 7.33 7.52
3.2]| 582 6.08| 633} 6.57| 6.80| 7.02| 7.24| 7.45] 7.65 7.85
3.4 606 633 6.59) 684] 7.08] 7.31| 7.54( 7.75 7.97 8.17
3.6 630 6.58| 6.8} 7.10| 7.35} 7.50| 7.83| 8.05} 8.28 8.49
3.8| 653 682! 7.101 7.36} 7.62| 7.87| 8.12| 835| 858 8.80
40| 6.76 7.06| 7.3¢| 7.62| 7.89| 8.15| 840 8.64| 8.88 9.11
42| 6.08 7.20| 7.50| 7.87| 8.15| 8.42| 8.68| 893| 06.17 9,41
44¢ 7.20 7.52| 7.83| 8.12| 8.41| 8.68| 895| 9.21| 0.46 9.71
46| 7.41 774! 8.06| 8.36] 8.661 8.94| 9.221 9.48| 9.74| 10.00
48| 7.63 797} 8.20) 861) 891 [ 9.20| 9.48| 9.76| 10.03 | 10.29
50| 7.84 819| 852] 884] 9.15| 9.45] 9.74 10.03 | 10.30 } 10. 57
5.2] 805 8.40| 875| 9.08| 9.40| 9.70 | 10.00 | 10.29 1 10.57 | 10.85
5.4| 825 8.62] 8.97) 9.31| 9.64| 9.95) 10.26 | 10.56 | 10.84 | 1113
56| 845 8.83| 0.19| 9.54| 9.87110.20 | 10.51 | 10.81 | 11.11 | 11.40
5.8| 865 0.04| 9.411 9.76 | 10.11 | 10.44 | 10.76 | 11.07 | 11.37 | 1L.67
8.0| 885 0.25| 9.62] 9991034 10.68| 1100 ] 11.32 | 11.63 | 11.94
62! 9.05 9.45| 9.84110.21}10.56 | 10.91 | 11.25 | 11.57 | 11.89 | 12.20
8.4 9.24 0.65 ) 10.05 ] 10.43 | 10.79 | 11.14 | 11.49 | 11.82 | 12.14 | 12.46
6.6 9.43 0.85 | 10.25 1 10.64 | 11.01 | 11.38 | 11.73 | 12.07 | 12.40 | 12.72
6.8 9.62| 10.05] 10.46 | 10.86 | 11.24 | 11.60 | 1L 96112.31}12.65| 12.97
v.0| 98| 10.25}10.66] 11.07 | 11.46 | 11.83 | 12.20 1 12.55 12,89 | 13.23
5| 10,271 10.73| 11171 11.50 | 11.99 | 12.30 | 12.77 | 13.14  13. 5| 13.85
8.0] 10.72| 11.20] 11.66 | 12.10 [ 12.52 | 12.93 | 13.33 } 13. 72| 14.09 [ 14.46
8.5 11.17| 1166} 12.14]12.60 | 13.04 | 13.47 | 13.88 | 14. 28| 14.67 | 15.06
9.0 11.60| 1211|1261 | 13.00 | 13.54 | 13,99 } 14. 42| 14.84 | 15.24 | 15.64
0.5) 12,02} 12.56] 13.07 ) 13.57 | 14.04 | 14.50 | 14.95 { 15.38 | 15. 80| 16.21

10 { 12,44 | 1300 | 13,53 | 14.04 | 14.53 | 15.01 | 15.47 | 15.92 | 16.35 | 16. 78

11| 13,26 | 13.85| 14.41 | 14.96 | 15.48 | 15.99 | 16.48 | 16.96 | 17.43 17.88

12 14.05| 14.68|15.28 | 15.85 | 16.41 | 16.95 | 17.47 | 17.97 | 18.47 | 18.95

13| 1482 1548 16.11]16.72 | 17.31 | 17.88 | 18.43 | 18.96 | 19.48 | 19.99

14 | 15,57 | 16.26|16.93 | 17.57 | 18.18 | 18.78 | 19.36 | 19.92 | 20.47 | 21 00

15| 16.30 | 17.03 | 17.73 | 18.39 | 19.04 | 19.66 | 20.27 | 20.88 | 21. 43 21.99

16| 17.02| 17.78 | 18.50 | 19.20 | 19.88 | 20.53 } 21.16 | 2L.77 | 22. 37| 22.95

17| 17.72 | 18.51 | 19.27 | 20.00 | 20.70 | 21.38 | 22.03 | 22.67 | 23.20 23.90

18| 18,41 | 19.23 | 20.02 | 20.77 | 21.50 | 22.21 | 22.89 | 23.55 | 24. 20 24.83

19| 10.09 | 19.94 | 20.75 | 21.53 | 22.29 | 23.02 | 23.73 | 24.42 | 25.00 25.74

20! 19.75 | 20.63 | 21.47 | 22.28 | 23.07 | 23.82 | 24.55 25.27 1 25.96 | 26.63
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Table 4.—Velocity of water, v, in feet per second, based on
Manning’s formula v=(1.486/n)r253s12, n=.018—Continued

L]
’ 0010 | L0015 | .0020 | .0025 | .0030 | .0035 | .0040 | .0045 | .0050
r
0.2 1.24 1.51 175 1.95 2.14 2.31 2.47 2.62 2.76
0.4 1.96 2.40 2.78 3.10 3.40 3.67 3.92 4,16 4.39
0.6 2.57 3.15 3.64 4.07 4.45 4,81 5.14 5.45 5.75
0.8 3.12 3.82 4.41 4.93 5.40 5.83 6.23 6.61 6.97
L0 3.61 4.43 5.11 6.72 6.26 6.76 7.2 7.67 8.08
12 4,08 5.00 5.77 6.45 7.07 7.64 8.16 8.66 9.13
L4 4,52 5.54 6.40 7.15 7.84 8.46 9.06 9.60 10.12
L6 4.94 6.06 6.99 7.82 8.56 9.25 9.89 | 10.49 11.06
18 5.35 6. 56 7.56 8.46 9.26] 10.01| 10.70 [ 11.35 11.96
2.0 5.74 7.03 8.11 9.07 9.04| 10.73 [ 1148 12.17 12.83
2.2 6.11 7.49 8.65 B.67 [ 10.59 | 11.44| 12.23| 12.97 13.67
2.4 6.48 7.94 9.16 ( 10.25( 11.22 | 12.12 ] 12,96| 13.75 14.49
2.8 6.83 8.37 9.67( 10.81 | 11.84( 1279 13.67| 14.50 15.28
2.8 7.18 879 | 10.16 | 11.35| 12,44 | 13.43 | 14.36| 15.23 16.06
3.0 7.52 9.21| 10.63 [ 1L.89 [ 13.02] 14.07 | 15.04[ 15.95 16.81
3.2 7.85 9.61( 1110 12.41) 13.60 | 14.60 | 15.70| 16.65 17.56
3.4 8171 10011 11.56| 12.02{ 14.16| 15.291 16.35| 17.34 18.28
3.6 8.49| 10.40] 12,01 1342 14.71] 1588 | 16.08| 18 01 18.99
3.8 8.80( 10.78 | 12.45| 13.92| 15,25| 16.47 | 17.60| 18.67 19.68
4.0 9.11 1 1116 [ 12,88 1440 1578 | 17.04| 18.22] 19.32 20.37
4.2 9.411 11.52| 13.31| 14.88| 16.30 | 17.60] 18.82| 19.9¢ 21.04
4.4 9.71| 11.89| 13.73| 15.35| 16.81| 18.16 | 10.41| 20.59 21.70
4,6 1000 12.25| 14.14 [ 15.81| 17.32] 18.70| 20.00| 21.21 22, 36
48] 10.20] 12.60 [ 14.55 | 16.26 | 17.82 | 19.24 | 20.57] 21.82 23.00
5.0 10571 12,04 1495) 16.71 | 1831 | 19.77] 21.14| 92242 23.63
5.2 10.85) 13.20| 1534 | 17.15{ 18.79 | 20. 21,70 | 23.02 24.26
5.4 11.13| 13,63 1573 17.59 | 19.27| 20.81 | 22.25 | 23.60 24.88
561 11.40] 13.96( 16.12| 18.02 10.74| 21.33 | 22.80 | 24.18 25.49
5.8 1L67] 1420 16,50 | 18.45| 20.21| 21.83| 23.34| 24.75 26.09
6.0 11.94| 14.62) 16.88| 18.87| 20.67 | 22.33 | 23.87| 925.32 26. 69
62! 12201 1494 17.25) 19.20| 21.13| 22.82 | 24.40| 25.88 27.28
8,4/ 12.46| 15.261 17.62| 19.70| 21.58 | 23.31 | 24.92| 26.43 27.86
6.6 12.72) 15.58| 17.99| 20.11 23,79 | 25.44| 26.98 28.44
6.8 | 12.97| 15.80| 18.35| 20.51 | 22.47| 24.27| 25.05| 27.52 29.01
L0 13.23| 16.20] 1871 20.91| 22.91( 24.75| 26.45 | 28.06 29, 58
95| 13.85( 16.96( 19.59 [ 21.90| 23.90| 25.91 | 27.70| 20.38 30.97
8.0 1446 17.71| 20.45| 2286 25.04 | 27.05]| 28.92 | 30.67 32.33
8.51 1506 18447 21.20| 23.80| 26.08 | 28.17{ 30.11| 31.04 33.66
9.0 15.64| 19.16| 22.12| 2473 | 27.09 | 29.26 | 31.28| 33.18 34,97
9.5 16.211 19.86) 22.93) 25.64) 28.08 ) 30.33| 32,43 | 34.40 36.
10 16.78 | 20.55( 23.73| 26.563 | 29.06 | 31.39| 33.56 | 35. 37.52
11| 17.88| 21.90| 25.28 [ 28.27 | 30.97| 33.45| 35.76 | 37.93 39.98
121 18.95( 23.20| 26.79| 29.96| 32.82| 35.45| 37.80 | 40.19 42,37
13| 19.99| 24.48| 28.26| 31.60| 34.62| 37.30 | 39.97| 42,39 44. 69
M 2100 25.72| 20.69| 33.20| 36.37| 39.28| 41.99| 44,54 46. 95
15 2199 26.93] 31.09( 34.76| 38.08( 41.13| 43.97| 46.64 49. 16
16| 22.05( 28.11| 32.46 | 36.20 30.75| 42.04| 45.90 | 48.69 51.32
17| 23.90 33.80] 37.79% 41.30| 44.71! 47.80| 50.70 83. 44
18| 24.83( 30.41| 35.11| 39.25| 43.00| 48.45| 49.65| 5267 55. 51
19| 25,74 | 31.52| 36.40| 40.70 | 44.58 | 48.15| 51.48| 54.60 57. 65
20| 26.63] 3262] 37.67| 4211| 46.13| 49.83 | 53.27 | 56.50 59. 85
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Table 4.—Velocity of water, v, in feet per second, based on
Manning’s formula v=/(1.486/n)r2Rs1/2,

n=.013—Continued

/L

N 0055 | .0060 | .0065 | .0070 ( ,0075 | 0080 [ ,0085 | .0000 | 0085 | 0100
T
0.2 290 3.03| 3.15| 3.27| 3.39] 3.50] 3.60( 3.71| 3.81 3.91
0.4 4.60 481 6.00| 519 537 5.55] 572] 580 | 6.05 6.21
0.6| 603 6.30| 6.56| 6.80| 7.04 | 7.27| 7.50| 7.71| 7.93 8.13
0.8 7.31 7.63| 7.94| 824 853 881 | 9.08| 9.35] 9.60 9.85
1,0 848 8.85| 9.22] 9.56| 0.9010.22]10.54110.84 | 11,14 | 11.43
12| 9.57| 10.00 | 10.41 | 10.80 | 11.18 | 11.55 | 11.90 | 12.25 | 12.58 | 12.91
1.4 10.61 | 11.08 | 11.53 | 11.97 | 12.39 | 12.79 | 13.19 | 13,57 | 13.04 | 14.31
1.6 | 11.60 | 12.11 | 12.61 { 13.08 | 13.54 | 13.99 { 14.42 | 14.83 | 15.24 | 15.64
1.8 12.54 | 13.10 | 13.64 | 14.15 | 14.65 | 15.13 | 15.59 | 16.05 | 16.49 | 16.91
2.0 | 13.46 | 14.06 | 14.63 | 15.18 | 15.71 | 16.23 | 16.73 | 17.21 | 17.69 | 18,15
2.2| 14.34 | 14.98 | 15.59 | 16.18 | 16.75 | 17.29 | 17.83 ] 18.34 | 18,85 | 19.34
2.4 | 1520 | 15.87 | 16.52 1 17.14 } 17.75 | 18.33 | 18.89 | 10.44 | 19.97 | 20.49
2.6 | 16.03 | 16.74 | 17.43 | 18.08 } 18.72 | 19.33 | 19.93 | 20.50 | 21.07 | 21.61
2.8| 16.84 | 17.59 | 18.31 | 19.00 | 19.67 | 20.31 | 20.04 | 21.54 | 22,13 | 22.71
3.0 17.63 | 18.42 | 19.17 | 19.89 | 20.59 | 21.27 | 21.92 | 22.56 | 23.17 | 23.78
3.2 | 18.41 | 19.23 | 20.01 } 20.77 | 21.50 | 22.20 | 22.89 | 23.55 | 24.19 | 24.82
8.4 19.17 | 20.02}20.84 { 21.62 | 22.38 | 23.12 | 23.83 | 24.52 | 25.19 | 25.85
3.6 19.91 | 20.80 | 21.65 | 22.46 | 23.25 | 24.02 | 24.75 | 26.47 | 26.17 | 26.85
3.8 | 20.64 | 21.56 | 22.44|23.20 | 24.11 | 24.90 | 25.66 | 26.41 | 27.13 | 27.84
4,0 21.36 | 22.31|23.22|24.10 | 24.94 | 25.76 | 26.56 | 27.33 | 28.07 | 28.80
4.2 22.07| 23.05(23.99 |24.90 [ 25.77 | 26.61 § 27.43 | 28.23 | 20.00 | 29.76
44| 2276 23.77124.75{25.68 | 26.58 | 27.45 | 28.30 | 29.12 | 29.92 [ 30.69
4,6 23.45| 24.49]25.40 { 26.45 | 27.38  26.28 | 29.15 | 20.99 | 30.82 | 31.62
4,8 2412 25.19 | 26.22 [ 27.21 | 28.17 | 29.09 | 20.99 | 30.86 1 31.70 | 32.53
5.0 24.79 | 2589 |26.95]27.96] 28.95]20.90| 30.82 | 31.71 | 32.58 | 33.42
5.2 | 25.44 1 26.58 |27.66|28.71]29.71 | 30.69 | 31.63 | 32.55 | 33.44 [ 34.31
5.4 26.00| 27.25]28.37|29.44 | 30.47 | 31.47 | 32.44 | 33.38 | 34.20 | 35.18
5.6 26.73 | 27.92|29.06 | 30.16 | 31.22 | 32.24 | 33.23 | 34.20 | 35.13 | 36.05
5.8 | 27.37 | 28. 29.75 | 30.87 | 31.96 | 33.00 | 34.02 | 35.01 | 35.97 | 36.90
6.0} 27.99 | 20.24130.43131.58 | 32.69 | 33.76 | 34.80 } 35.81 | 36.79 | 37.74
6.2 | 28.61 1 29. 31.10 | 32.28 | 33.41 | 34.50 | 35.57 | 36.60 | 37.60 | 38.
6.4 20.22] 80.52|31.77|32.97]34.12 13524 | 36.33 | 37.38 | 38.41 | 39.40
6.6 20.83 | 31.15(32.43 | 33.65] 34.83 {-35.97 | 37.08 | 38.16 | 30.20 | 40.22
6.8 | 30.43 | 31.78 | 33.08 | 34.33 | 35.53 | 36.70 | 37.83 | 38.92 | 39.99 | 41.03
7.0 31.¢2| 32.40133.72 |35.00 | 36.22 | 37.41  38.56 | 39.68 | 40.77 | 41.83
%.5) 32,48 | 33.03 13531 |36.64!37.93|39.17 | 40.38 | 41.55 | 42.69 | 43.80
8,0 | 33.91 | 3542 ]36.86|38.25 ) 30.60 | 40.90 | 42.15 | 43.38 | 44.57 | 45.72
8,5 | 35.31 | 36.88 | 38.38 | 30.83 | 41.23 | 42.58 | 43.89 | 45.17 | 46.40 | 47.61
9.0 36.68 | 38.31 | 30.87 | 41.38 | 42.83 | 44.24 | 45.60 | 46.92 | 48.21 | 49.46
9.5 38 39.72 [ 41.34 | 42.90 | 44.40 [ 45.86 | 47.27 | 48. 49.98 | 51.27
10 | 39.35| 41.10| 42.78 | 44.39 | 45.95 | 47.46 | 48.92 | 50.33 | 51.71 | 53.08
11| 41.93| 43.70 ) 45.58 | 47.30 | 48.96 | 50.57 | 52.13 | 53.64 | 55.11 [ 56.54
12 | 44.43 | 46.41 [ 48.30 | 50.13 | 51.89 | 53.59 | 55.24 | 56.84 | 58.40 [ 59.01
18] 46.87 | 48.95) 50.95 | 52.88 | 54.73 | 56.53 | 58.27 | 50.96 | 61.60 | 63.20
14 | 49.24 | 51.43 1 53.53 | 55.55 | 57.50 | 59.30 | 61.22 | 62.99 | 64.72 | 66.40
15| 51.56 | 53.85| 56.05 | 58.17 | 60.21 | 62.18 | 64.10 | 65.06 | 67.76 | 69.52
16 | 53.83 | 56.22 | 58.52 | 60.73 | 62.86 | 64.92 | 66.92 | 68.86 | 70.74 [ 72.58
17| 56.05 | 58.54 ) 60.93 | 63.23 | 65.45 | 67.60 | 69.68 | 71.70 | 73.68 [ 75.57
18 | 58.22 | 60.81 | 63.30| 65.60 | 67.99 1 70.22 | 72.38 | 74.48 | 76.52 [ 78.51
19 | 60.36 | 63.05] 65.62 | 68.10 | 70.49 | 72.80] 75.04 | 77.21 | 79.33 | 81.39
20| 62.46| 65.24 | 67.90 [ 70.47 | 72.94 | 75.33 { 77.65 | 79.90 | 82.00 | 84.22
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Table 4.—

Manning's formula

35

Velacity of water, v, in feet per second, based on
n=.013—Continued

v=(1.486/n)r25s1",

8
\ 01 02 03 04 05 08 07 08 09 10
T

0.2 3.91 5530 6.77( 7.8 874 9.5810.34 | 11.06 | 11.73 | 12.38
0.41 621 8.78 (10.75 | 12.41 | 13.88 | 15.20 | 16.42 | 17.55 | 18.62 | 19.62
0.6} 8137 11.50 ) 14.08 1 16.26| 18.18 1 19.92 | 21.51 ; 23.00 | 24.39 | 25.71
0.8 | 9.86| 13.93 | 17.06 | 19.70 | 22.03 | 24.13 | 26.06 | 27.86 | 29.55 | 31.15
L0 11,43} 16.17 | 10.80 | 22.86 | 25.56 | 28.00 | 30.24 | 32.33 | 34.29 | 36.15
1,2 1291 | 18.2522.36 | 25.82 | 28.86 | 31.62 | 34.15 | 36.51 | 38.72 | 40.82
1.4] 14.31 | 20.23 | 24.78 | 28.61 | 31.99 | 35.04 | 37.85 | 40.46 | 42.02 | 45.24
1.6 1564 | 22.11 (27,08 | 31.27 { 34.97 [ 38.30 | 41.37 | 44.23 | 46.91 [ 40.45
1.8 16.01 | 23.92|29.30 | 33.83 | 37.82 | 41.43 | 44.75 | 47.84 | 50.74 | 53.49
2.0 18,15 | 25.66 | 31.43 | 36.20 | 40.57 | 44.45 | 48.01 | 51.32 | 54.44 | 57.38
2.2) 10.34 | 27.34133.40|38.67 | 43.24 | 47.36 | 51.16 | 54.60 | 58.01 | 61.14
2.4 20.40| 28.08 {35490 40.98| 45821 50.10 | 54.21 | 57.96 | 61.47 | 64.80
2.6 21.61 | 30.57|37.44 | 43.23 1 48.33 | 52.94 | 57.18 | 61.13 | 64.84 | 68.35
2.8 2271 | 32.11|39.33|45.42) 50.78 | 55.62 | 60.08 | 64.23 | 68.12| 71.81
3.0 | 23.78 | 33.63 | 41.18 | 47.55 | 53.17 | 58.24 | 62.91 | 67.25 | 71.33 | 75.19
8.2 24.82 35.10 ) 42.99 | 49.64 | 55.50 | 60.80 | 65.67 | 70.21 | 74.47 | 78.50
8.4 | 25.85| 36.55|44.77 | 51.69 | 57.79 | 63.31 | 68.38 | 73.10 | 77.54 | 81.73
3.6 26.85| 37.9746.51 | 53.70 ) 60.04 | 65.77 1 71.04 | 75.94 | 80.55 | 84.91
3.8 27.84 | 30.37 148,21 }55.67)62.24 | 68,18} 73,65} 78.73 | 83,51 | 88.02
4,0 | 28.80 | 40.73|49.80 | 57.61 | 64.41 | 70.55 | 76.21 | 81.47 | 86.41 | 91.09
4.2 29.76 | 42.08 | 51.54 | 69.51 | 66.54 | 72.89 | 78.73 | 84.16 { 89.27 | 94.10
4.4 30.69 | 43.41|53.16 | 61.39 | 68.63 | 75.18 | 81.21 | 86.81 | 92.08 | 97.06
4.6 ] 31.62 ] 44.71 | 54.76 | 63.23 | 70.70 ) 77.44 | 83.65 | 89.43 | 94.85 | 99.98
4.8 32.53 | 46.00 | 56.34 | 65.05 { 72.73 | 79.67 ( 86.06 | 92.00 | 97.58 | 102.86
5.0 33.42 1 47.27 ) 57.89 | 66.85 | 74.74 | 81.87 | 88.43 | 94. 54 1100.27 | 105.70
8.2 34.31 | 48.52( 59.43 }68.62| 76.72 | 84.04 | 90.77 | 97.04 102.93 | 108.50
5.4 3518 | 49,76 ) 60.94 | 70.37 | 78.67 | 86.18 | 03.09 | 99.51 |105.55 | 111.26
§.6 1 36.06 | 50.98 | 62.43 | 72.00 | 80.60 | 88.30 | 95.37 |101.96 [108.14 | 113.99
5.8 .90 | 52.18 | 63.91 | 73.80 | 82.51 | 90.39 | 97.63 |104.37 {110.70 | 116. 69
6.0 | 37.74 | 53.38 | 65.37 | 75.49 | 84.40 | 02.45 | 99.86 {106.75 (113.23 | 119.36
8.2 .58 | 54.56 | 66.82 ) 77.16 [ 86.26 | 94.50 |102.07 [109.11 |115.73 | 121.99
6.4 30.40 ) 55.72 | 68.25 | 78.81 | 88.11 } 96.52 |104. 25 }111.45 [118.21 | 124.60
6.6 | 40.22 | 56.88 | 69.66 | 80.44 | 89.93 | 98. 52 [106. 41 (113.76 [120.66 | 127.19
6.8 | 41.03 | 58.02 ] 71.06 | 82.06 | 91.74 1100. 50 |108. 55 [116.04 [123.08 | 129.74
7.0 | 41.83 | 59.15 | 72.45 | 83.66 | 93.53 |102. 46 |110. 67 |118.31 |125.49 | 132, 27
9.5 ) 43.80 ) 61.94 | 75.86 | 87.60 | 97.93 [107.28 |115.88 |123.88 1131.39 | 138.50
8,0 | 45.72 | 64.66 | 79.19 | 91.45 (102. 24 [112.00 [120. 97 {129.32 |137.17 | 144.59
8.5 ) 47.61 | 67.33 | 82.46 | 95.22 |106.46 |116. 62 [125.96 |134.66 |142.83 | 150. 55
8.0} 40.46 | 60.94 | 85.66 | 98.92 }110. 59 |121. 15 {130. 85 |130.89 1148.37 | 156.40
9,5 51.27 1 72.51 | 88.8] 102, 55 [114. 65 {125. 50 |135, 66 |145,02 |153.82 | 162. 14

10 [ 53708 '75.03| "01.90( 106.11 118. 64| 120.96| 140.38| 150.07| 150. 17| 167.78

11 56.54] 70.96( 907.93) 113.08| 126. 42| 138.49| 149. 58| 159. 91| 169.61] 178. 79

12 ] 59.911 84,73} 103.77; 119,83} 133.07] 146. 76 158, 52| 169. 46 179. 74| 189. 47

13| 63.20 80.38| 109.46] 126.40| 141.32| 154.80{ 167. 21 178.75| 189. 50( 199.85

14 | 66.40f 93.90] 115.01] 132, 80| 148.47] 162. 64] 175.67) 187.80| 199. 20| 209. 97

15 69.520 98.32] 120.42] 139.05| 155. 46| 170.30] 183.94) 106. 64| 208. 57| 219.85

18 | 72.58) 102.64) 125.71) 145.16) 162.30] 177. 79| 192. 03| 205. 29] 217. 74| 229. 52

17 { 75.57( 106.88| 130.90| 151. 15 168.99 185.12( 199.95| 213.76| 226.72| 238.99

18 [ 78.51) 111.03| 135.98| 157.02! 175. 55| 192. 311 207. 72} 222.06| 235. 53| 248.27

18 | 81.39] 115.10f 140.97| 162.78] 182.00] 199.37| 215.34) 230. 21| 244.17| 257.38
20 | 84.22] 119.11] 145.88] 168, 45| 188. 33| 206.30] 222.83| 238. 22| 252. 67| 266. 34
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Manning’s formula v
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.014—Continued

per second, based on

n

3

, v, in feet
)r2/3giz2

= (1.486/n

Velocity of water

HYDRAULIC AND EXCAVATION TABLES

Manning’s formula v
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Table 5.—Velocity of water, v, in feet per second, based on
.014—Continued

Manning’s formule v=(1.486/n)r?3s!72,

n

8
\ 0010 | L0015 | .0020 | .0025 | .0030 | .0035 | .0040 | .0045 | .6050
T
0.2 1.15 1.41 1.62 1.82 1.99 2.15 2.30 2.44 2.57
0.4 1.82 2.23 2. 58 2.88 3.16 3.41 3.64 3.87 4.07
0.6 2.390 2.92 3.38 3.7 4.14 4.47 4.78 5.07 5.34
0.8 2.89 3.54 4.09 4.57 5.01 5.41 5.79 6.14 6.47
Lo 3.36 4,11 4,75 5.31 5.81 6.28 8.71 7.12 7.61
1.2 3.79 4.64 5.36 5.99 6. 57 7.09 7.58 8.04 8.48
1.4 4.20 5.14 5.94 6.64 7.28 7.86 8.40 8.91 9.39
L6 4.59 5. 62 6.49 7.26 7.95 8.59 9.18 9,74 10. 27
L8 4.97 6.08 7.02 7.85 8.60 9.20 9.93 | 10.54 1.1
2.0 5.33 6.53 7.54 8.42 9.23 9.97 | 10.66 | 11.30 11.91
2.2 5,68 6.95 8.03 8.08 9.83| 10.62]| 11.36] 12.04 12.70
2.4 6.02 7.37 8.51 9.51 1 10.42| 11.26| 12.03| 12.76 13.45
2.6 6.35 7.77 .98 10.03( 10.99] 11.87{ 12.60 | 13.46 14,19
2.8 6.67 8.17 9.43 | 10.5¢4 | 11.55| 1247 13.34| 14.14 14.91
3.0 6.98 8.55 9.87 ] 11.04| 12.09( 13.06| 13.96| 14.81 15.61
3.2 7.29 8.93( 10.81] 11.52| 12.62| 13.64| 14.58 | 15.46 16. 30
3.4 7.59 9.30| 10.73{ 12.00| 13.15| 14.20| 1518 16.10 16.97
3.6 7.88 9.66 | 11.15| 12.47| 13.66| 14.75| 16.77] 16.72 17.63
3.8 8.17| 10.01| 11.56| 1292| 14.16| 1529 16.35| 17.34 18.28
4.0 8.46 | 10.36 | 11.96| 13.37| 14.65| 1582 | 16.92| 17.94 18.91
4.2 8.74| 10.70 | 12.36| 13.82| 15.13] 16.35| 17.48 ] 18.54 19. 54
4.4 9.01| 11.03}| 12.75| 14.25| 15.61 | 16.86| 18.03 | 19.12 20.15
4.6 9,28 11.37] 13.13| 14.68| 16,08 ( 17.37 | 18.57( 19.69 20.76
4.8 9.565{ 11.70] 13.51| 1510 16.54 | 17.87 | 19.10 [ 20.26 21. 36
5.0 9.81 | 12.02| 18.88| 15.52| 17.00] 18.36 | 10.63 | 20.82 21.95
5.2 10.07| 12.34 | 14.25] 1593 | 17.45| 18.85| 20.15| 21.37 22.53
5.4 10.33) 12.65| 14.61| 16.34] 17.80| 19.33 | 20.66 | 21.92 23.10
5.6 10.58| 1206} 14.97| 16.74| 18.33 19.80) 2117} 22.45 23. 67
5.8 10.84| 13.27| 15.32] 17.13| 18.77| 20.27 | 21.67| 22.99 24.23
6.0 11.08| 13,57 | 1567 | 17.52| 19.20| 20.73 | 2217 | 23.51 24.78
6.2 | 11.33| 13.87| 16.02| 17.91| 19.62| 21.19| 22.66 | 24.03 25. 33
6.4| 11.57| 14.17| 16.36 | 18.20| 20.04 | 21.65| 23.14] 24.54 25. 87
6.6 11.81 | 14.46( 16.70| 18.67| 20.46 | 22.09 | 23.62| 25.05 26. 41
6.8| 12.05| 14.76 | 17.04| 19.05| 20.87 | 22.54 | 24.09| 25.56 26, 94
7.0 12,281 1504/} 17.37| 10.42| 21.27| 22.98| 24.57| 26.06 27.46
7.5 12.86| 1575/ 18.19) 20.33| 22.28| 24.06| 2572 | 27.28 28.76
8.0 13.43| 16.44; 18.09| 21.23( 23.25| 2512 26.85| 28.48 30.02
8.5 13908} 17.13| 19.77] 2210 24.21 | 26.15( 27.96 | 29.66 3126
9,0 14.52| 17.79| 20.54( 22.96] 2515 27.17| 29.05( 30.81 32.47
9.5| 15.06| 18.44| 21.20| 23.81] 26.08| 28.17| 30.11 ) 31.94 33. 67
10| 1558 | 19.08 | 22.03 | 24.63| 26.98 | 20.15) 31.161 33.05 4.
11| 16,60} 20.33 | 23.48| 26.25| 28.75; 3L.06| 33.20| 35.22 37.12
12 | 17.59 | 21.55| 24.88| 27.82( 30.47| 32.01| 35.19| 37.32 30.34
18| 18.56 | 2273 26.24 | 20.34| 3214 | 34.72| 37.12| 30.37 41. 50
14 19.501 23.88 | 27.57} 30.83 | 33.77 | 36.48| 38.99| 41.36 43. 60
151 20.42( 2500 28.87| 32.28| 35.36] 38.10| 40.83| 43.31 45. 66
16| 21.31| 26.10| 30.14| 33.70 | 36.91 30.87 1 42.63} 45.21 47, 66
17| 22.19| 27.18| 31.38| 3509 | 38.44 | 41.52| 44.38| 47.08 49. 62
18 | 23.05| 28.23] 82.60| 36.45| 39.93! 43.13 | 46.11| 48.90 51. 55
19 .00 | 20.27 | 33.80| 387.79 | 41.40| 44.71 | 47.80| 50.70 53.44
20| 24.73| 30.20| 34.98| 30.10| 42.84| 46.27| 49.46| 52.46 55.30
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Table 5.—Velocity of water, v, in feet per second, based on

Manning’s formula »=(1.486/n)r23s'2, M =.014—Continued
2
\ 0055 | .0060 | .0065 { .0070 | .0075 | .0080 | .0085 ( .0090 | .0095 | .0100
r
0.2| 260 281 293 3.04| 3.14( 3.25| 3.35| 3.44] 3.54] 3.63
04| 4271 446 465| 4.82( 408} 515] 5.31( 547} Be2! 578
0.6 5.60| 585| 6.00( 632 6.54| 6.75| 6.96| 7.16( 7.36 | 7.5
0.8 678| 7.00( 7.37) 7.65| 7.92| 8.18| 8.43| 8.68( 892 9.15
Lo 7.87 822 8.56) 8831 0.191 9.49| 9.79)10.07 } 10.35 | 10.61
L2| 889 9.28| 0.66(10.03(10.38 | 10.72 [ 11.05 [ 11.37 | 11.68 | 11.99
L4 9.85| 10.20|10.71 [ 11.11 | 11.50 | 11.88 | 12.25 | 12.60 | 12.95 | 13.28
16| 1077 11.25 [ 1L.71 | 12.15 [ 12.57 [ 12.99 | 13:39 [ 13.78 | 14.15 | 1452
1.8) 1165} 12,17} 12.66 | 13,14 | 13.60 | 14.05 | 14.48 | 14.90 | 15.31 | 15.71
2.0( 1250 | 13.05|13.58 | 14.10 | 14.59 | 15.07 | 15.53 | 15.98 | 16.42 | 16.85
22| 13.321 13.9114.48 15.02 | 15.55 | 16.06 | 16.55 | 17.03 | 17.50 | 17.95
2.4) 14111 1474 11534 1 1592 | 16.48 | 17.02 | 17.54 | 18.05 | 18.54 | 10.03
2.6 14.88 [ 155516.18|16.79 | 17.38 [ 17.95 | 18.50 | 19.04 | 19.56 | 20.07
%8| 1564 16.33 | 17.00 | 17.64 | 18.26 | 18.86 | 10.44 | 20.00 | 20.55 | 21.09
8.0) 16.371 17.10 | 17.80 | 18.47 | 10.12 | 19.75] 20.36 | 20.95 | 21.52 | 92.08
321 17.09| 17.85 [ 18.58 [ 10.28 1 10.96 | 20.62 | 21.25 | 21.87 [ 22.47 | 23.08
3.4 17.80| 18.59 [ 19.35{ 20.08 | 20.78 | 21.47 | 22.13 | 22.77 | 23.39 | 24.00
3.6/ 1849 | 19.31|20.10 ( 20.86 | 21.59 | 22.30 | 22.99 | 23.65 | 24.30 | 24.93
3.8) 1017} 20.02 ) 20.84 | 21.63 | 22.38 | 23.12 | 23.83 | 24.52 | 25.19 | 25.85
4.0 | 19.84 | 20.72 | 21.56 | 22.38 | 23.16 | 23.92 | 24.66 | 25.37 | 26.07 | 26.75
4.2 2049 21.40 | 22.98 | 23.12 | 23.93 | 24.71 | 25.47 | 26.21 | 26.93 | 27.63
4.4 21.14| 22.08 | 22.98)23.85| 24,68 | 25.40 | 26.28 | 27.04 | 27.78 | 28.50
4,81 21.77 | 22.74 | 23.67 | 24.56 | 25.42 | 26.26 | 27.07 | 27.85 | 28.61 | 29.38
48| 2240 | 23.40 | 24.35)25.27 | 26.16 [ 27.01 | 27.85 | 28.65 | 20.44 [ 30.20
5.0| 23.02| 240425022597 | 26.88 | 27.76 | 28.61 | 20.44 | 30.25 | 31.0¢
5.2 | 23.63 | 24.68 | 25.69 | 26.65 | 27.50 | 28.50 | 29.37 | 30.22 | 31.05 | 31.88
5.4 24.23 ( 25.31 {26.34 | 27.33 | 28.20 | 20.22 | 30.12 | 30.99 | 31.84 | 32 67
5.8 2482 | 2593 |26.99/28.00|28.99(20.94|30.86|31.75| 32,62 | 33.47
5.8) 25.41 26.54 | 27.62 | 28.67 | 29.67 | 30.65 | 31.59 | 32.51 | 33.40 | 34.26
6.0 2599 [ 27.15| 28.26 | 29.32 | 30.35 | 31.35 | 32.31 | 33.25 | 34.16 | 35.05
6.2 26.57[ 27.75|28.88(20.97 ( 31.02 ( 32.04 | 33.03 | 33.98 | 34.92 | 35.82
64| 27.13] 28.34120.50 | 30.61 | 31.60 | 32.73 | 33.73 | 34.71 | 35.66 | 35.50
8,6 27.70 | 28.93 [ 30.11 ( 31.25 | 32.34 { 33.40 | 34.43 | 35.43 | 36.40 | 37.35
6.8 | 28.25 | 29.5130.72(31.87|32.99 | 34.08 | 35.12 | 36.14 | 37.13 38.10
70| 28.81 ] 30.09|31.31|32.50 ] 33.64 | 34.74 | 35.81 | 36.85 | 37.86 | 38.84
9.5 30.16 [ 31.50 [ 32.79 | 34.03 | 35.22 | 36.38 | 37.50 | 38.58 | 39.64 | 40,67
8,0 | 31.49| 32.89 34,93 |3552 | 36.77 | 37.97 | 39.14 | 40,28 | 41.38 | 42 46
8.5 3270 34.24 (3564 36.99{33.20 { 30.54 { 40.76 | 41.04 | 43,00 [ 44.21
9.0 34.06 | 35.57|37.03|38.42|30.77 | 41.08 | 42.34 | 43.57 | 44.76 | 45.93
9.5 3531 ) 36.8838.39(30.83|41.23 | 42.58 | 43.90 | 45.17 | 46.41 | 47.61
10} 36,54 | 38.16(30.72(41.22 | 42767 ( 44 07| 45,42 | 46,74 | 48,02 49.27
11| 38.93| 40.67|42.33 | 43.92 | 45.47 | 46.96 | 48.40 | 4981 | 51.17 | 52,50
12| 41.26 | 43.09 [ 44.85 | 46.55 [ 48.18 [ 40.76 | 51.20 | 52.78 | 54.23 | 55 .63
13} 43.52 | 45.46 | 47.31( 49.10 | 50.82 | 52.49 | 54.10 | 55.67 | 57.20 | 53,68
14| 45.73 | 47.76 | 49.71 1 51.59 | 53.40 { 55.15 | 56.84 | 58.49 | 60.08 61,66
15| 47.88 | 50.01 | 52.05 | 54.01 | 55.91 | 67.74 | 59.52 | 61.25 [ 62.92 64. 56
16 40.98 | 52.21 1 54.34 1 56.39 ] 58.37 | 60.28 | 62.14 [ 63.94 | 65.60 | 67.40
171 52.04 | 54.36 | 56.58 | 58.71 | 60.77 | 62.77 | 64.70 | 66.52 { 68.40 | 70,18
18| 54.07| 56.47 | 58.78 ] 60.99 | 63.13 | 65.21 | 67.21 | 69.16 | 71. 06| 72.90
19| 56.05 | 58.54 [ 60.93 | 63.23 | 65.45 | 67.60 | 60.68 | 71.70 | 73. 66 | 75.58
20| 58.001 60.58(63.05|65.43|67.73]60.95] 7210 74.19| 76.23 78.21
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Table 5.—Velocity of water, v, in feet per second, based on
Manning's formula v=(1,486/n)r23s12 mn=.014—Continued

8
\ o1 | 02 ] 03 ] 06 | 05 | 06 | 07 | 08 | .09 | .20
r
0.2 3.63 5.13] 6.29 7.26] 8.12 8.89 9. 10.27| 10.89| 11.48
0.4 5.76 8.15| 9.98 11.52| 12.88| 14.11| 15.25| 16.30| 17.29; 18.22
e.6| 7.55| 1068 1308 1510 1688 1860 10.08| 21.36 2265 23.88
0.8 9.15 12.94] 15.84] 18.29| 20.45 22.41| 24.20| 25.87| 27.44] 28.93
1,0 10. 61 15.01( 18.38] 21.23| 23.73{ 26.00{ 28.08; 30.02| 31.84] 33.567
L2 11. 99, 16.95] 20.76| 23.97| 26.80] 29.36| 31.71| 33.90; 35.96] 37.90
1.4 13. 28] 18.79] 23.01| 26.57} 29.70] 32.54| 35.14| 37.57| 39.85( 42.01
16 14.52] 20.53] 25.15( 29.04| 32.47] 35.57| 38.42| 41.07| 43.56] 45.92
1.8 15.71] 22.211 27.20] 31.41] 35.12| 38.47| 41.55 44.42| 47.12] 49.67
2.0 16.85] 23.83 20.18| 33.70] 37.68| 41.27| 44.58| 47.66| 50.55 53.28
2.2 17.95 25.39| 31.10{ 35.91| 40.15( 43.98! 47.50 50.78| 53.86| 56.78
2.4 19.03] 26.91} 32.96] 38.05 42.55 46.61} 50.34| 53.82| 57.08| 60.17
2.6 20.07} 28.38] 34.76| 40.14; 44.88] 49.16; 53.10{ 56.77| 60.21} 63.47
2.8 21.09] 20.82| 86.52| 42.17| 47.15] b51.65] 55.79] 59.64] 63.26| 66.68
3.0 22.08] 31.22f 38.24| 44.16] 49.37| 54.08| 58.41| 62.45| 66.24| 69.82
3.2| 2305 3260 39.92 46.10] 51.54| 56.46] €0.98| 65.10| 69.15 7289
3.4 24.00] 33.94| 41.57| 48.00| 53.67| 58.79| 63.50| 67.88] 72.00| 75.89
3.6 24.93] 35.26| 43.18 49.86( 55.75| 61.07| 65.96| 70.52| 74.80; 78.84
3.8 25.85] 36 55 44.77| 51.69( 57.80| 63.31} 68.39] 73.11| 77.54; 81.74
4.0 26.75| 387.83| 46.33] 53.49] 59.81| 65.51} 70.76] 75.65| 80.24| 84.58
4.2 27.63| 30.08| 47.86; 55.26| 61.78; 67.68 73.10| 78.15) 82.89| 87.38
4.4 28.50] 40.31| 49.37| 57.00{ 63.73} 69.81| 75.41{ 80.61{ 85.50| 90.13
4.6 29.36] 41.52| 50.85| 58.72| 65.65| 71.91| 77.67| 83.04| 88.07| 92.84
4.8 30.20] 42.71| 52.31| 60.41] 67.54] 73.98| 79.91| 85.43; 90.61] 95.51
50| 3104 43.80 53.76| 62.07 69.40 76.00| 82.11| 87.78] 93.11| 98.15
5.2 31.86] 45.05[ 55.18] 63.72| 71.24| 78.04] 84.29| 90.11| 95. 58| 100.75
5.4 32.67| 46.20] 56.59| 65.34| 73.05( 80.03] 86.44| 92.41| 98.01| 103.31
5.6 33.47| 47.34] 57.98| 66.94; 74.85 81.99] 88.56 94.67| 100.42] 105.85
58 34.26| 48.46| 59.35 68.53| 76.62] 83.93| 90.66 96.91| 102.79] 108.35
6.0 3505 40.56) 60.70 70.10| 78.37 85.85 902.73] 99.13| 105.14] 110.83
6.2 35.82| 50.66; 62.05 71.64] 80.10| 87.75 04.78| 101.32| 107. 47| 113.28
6.4 36. 59| 51.74] 63.37| 73.18] 81.81| 89.62| 96.80| 103.49| 109. 77| 115.70
6.6 37.35 52.82] 64.69] 74.69 83.51] 91.48| 98.81| 105.63| 112. 04 118.10
6.8 38.10( 53.88; 65.99] 76.20( 85.19] 93.32] 100.80| 107.76] 114. 29| 120. 47
9.0 38.841 54.93| 67.27| 77.68 86.85 95.14| 102.76] 109.86| 116. 52| 122.83
.5 40. 67| 57.51) 70.44t 81.34] 090.94| 99.62| 107.60| 115.03| 122.01| 128.61
8.0 42.48] 60.04| 73.54| 84.01) 94.94! 104.00] 112 33| 120. 09| 127.37| 13426
8.5 44,21 62. 52| 76.57] 88.42| 98.85/ 108.29| 116.96{ 125. 04| 132.